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CHAP. XXVI. 
Of FIRE. 


$. 760. HE famous Boerhaave has treated 
ſo completely concerning fire, 

that we have little elſe to do bur 

to repeat the ſame things after him, to which little 
can be added, Becauſe fire, by it's extreme ſub- 
tilty, eſcapes almoſt all our ſenſes, and is always 
preſent in every place, and in every body, in 
which we can make any experiments, it will be 
very difficult to diſcover thoſe characters which 
are peculiar to it. Theſe can be only derived from 
the phænomena it produces, where it is preſent 
in a greater or leſſer quantity than before. Theſe 
characters ſeem to be only two, light that affects 
our fight, or a greater or leſs rarefatiton than be- 
fore, of bodies either fluid or fixed. One or other 
of theſe characters we make neceſlary, becauſe 
Vol. II. B there 
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there may be fire that does not ſeparate or attenu- 
ate bodies, but only ſhines; ſuch as the light of 
the moon, which though collected by means of a 
burning glaſs or ſpeculum, does not act upon the 
nimbleſt Fee pe And there is fire alſo, 
the light of which is not perceivable, but yet it 
rari fies bodies; ſuch as is in water, or bubling oils, 
or in metals not yet in fuſion. For theſe are ra- 
rified, and yet they do not ſhine. The intu- 
meſcence of bodies is not an infallible ſign of fire 
being entered into them, becauſe water and moiſt 
air entering into any vegetables will make them 
ſwell; yet it does not penetrate into all bodies, as 
fire does, which rarifies all things. 

$ 761. Whatever firm bodies have been exa- 
mined, are found to be extended by fire in all 
their dimenſions, as long as it remains in them. 


This is demonſtrated to ſight by the aſſiſtance of 


our Pyrometer *, which ſhews the rare factions of 
bodies, which are no more than +455 part of a 


Rbenold inch, which I call degrees. The bodies 


examined are all metal, ſemi-metals, many ſorts 
of ſtones, white chalk, burnt bricks. All theſe 
are rarified by fire, not in length only, but in their 
other dimenſions alſo. This we prove by help 
of a braſs cone, which when cold, does but juſt 
pals my a hole, and when hot will not pals 
at all. | 

$. 762. Every body, by a determinate quantity 
of fire, 1s extended to a certain bigneſs; and is ſo 
much the more extended, as it is expoſed to a 
3 fire, yet to a certain conſtant degree 
only *. 

§. 763. If cold bodies are expoſed to the fire, 
at firſt they are rarified but ſlowly, then faſter, 


* Comment. Tentam. Florent. part. II, p. 12. 
d 'Tentam, Flor. part. II. p. 16. 
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and then very faſt; again but ſlowly, and after- 
wards more and more ſlowly, the nearer the bodies 
approach to their greateſt expanſion, which they 
can receive from the ſame fire. For fire does 
not ſo eaſily enter the narrow pores of cold bodies, 
as it does when they are ſomething enlarged. 
But when the parts have ſomething receded from 


one another, they have a greater reluctance than 


before, againſt any farther receſs, the dilating 
force of the fire remaining the ſame. Beſides 
from the enlarged pores the fire goes out more 
eaſily, by which the rarefaction is continually di- 
miniſhed, the ſame quantity of fire approaching, 
till at length it ſtops by the force by coherence, 


or the attraction of the parts being equilibria 


with the expanding force of the fire. 

$. 764. The fame fire, when it rarifies different 
firm bodies, does not expand them in a reciprocal 
ratio of their weights, nor in a reciprocal ratio of 
their coherences, nor in a ratio compounded of 
theſe two, but without any rules that have been 
yet diſcovered, as we have proved by experiments. 
For by the ſame fire was rarified red copper 89 
grains, braſs 110, iron 80, lead 155, pewter 153, 
filver 78. But the coherences or firmneſſes of 
red copper are as 229,5, of braſs as 360, of iron 
as 450, of lead as 29,25, of pewter as 49,25, of 
ſilver as 370, by F. 564. Therefore the rarefacti- 
ons are not in the inverſe ratio of the firmneſſes. 


They ſeem to depend on the different orders that 


compound the parts, on the magnitude, the mul- 
titude, and figure of the pores, the hardneſs, 
ſoftneſs, elaſticity, and the tenacity of the parts, 
on the quantity of the oil or ſulphur which can 
receive, retain, and feed the fire more plentifully; 
of all which we are ignorant. 


« Tentam, 'Flor. part. II. p. 24, &c. 
B 2 §. 768. 
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$. 765. Different firm bodies do not begin alike 
to be dilated by the ſame fire; among m-tals 

ewter 1s ſooneſt rarified, then lead, then filver, 
braſs, red copper, and laſtly iron “. 

All which depend on the different ſtructure of 
the pores, by which the bodies admit the fire 
with more or leſs facility, or attract it, or repel 
it. As alſo on the various coheſion of the parts, 
their ſtructure, poroſity, and magnitude. 

$. 766. Metals and ſemi-metals may be ſo far 
rarified by fire, as that the parts may be ſeparated 


from one another, may be diſſolved and ſo may 


be liquified into a fluid maſs. But all metals do 
not require the ſame quantity of liquifying fire to 
be reduced from the ſame degree of cold to a fluid 
ſtate, but ſome require a greater, and ſome a 
leſſer quantity. Pewter from the coldneſs of ice 
being heated to fluidity, rarifies iron 109 degrees 
in our Pyrometer. Lead rarifies the ſame iron 217 
degrees, biſmuth 300, and golden marcaſite 169 
degrees. 

$. 767. As metals are reduced into fluidity by 
fire, ſo it is with other bodies, as wax, pitch, 
ſulphur. This action of fire is called melting, or 
fuſion. In this the force of fire, ſeparating the 
parts of bodies, overcomes that force by which 
the parts cohe re, ſo that they are generally diſſolved 
from mutual contact, and ſwim about in the 
fire. For as long as they mutually touch one 
another, they will ſtill cohere. 

$. 768. There are certain bodies which very 
hardly, if at all, are reduced to fuſion, by ter- 
reſtrial fire, yet if another body be added, the 
fuſion is promoted. Thus all carths, which of 


themſelves cannot be melted by the moſt vehe- 


ment fire, by the help of alcalinous ſalts, are turned 
5 Tentam. Florent part. II. F. 3. p. 22, &c. : 
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into fluid glaſs. Iron by the addition of ſulphur 
is melted by a moderate fire. Nitre fixed by the 
help of tartar, aſſiſts the fuſion of other metals. 
$. 769. Metals which flow before they are well 
impregnated with fire, have not conceived their 
greateſt quantity of fire at melting, but when 
they are red hot and ſhine. For lead, from the 
degree of it's firſt fluidity, to it's ſpendor in the 
fire, has excited in iron 46 degrees more of rare- 
faction. But whether other metals, which melr 
only when red hot, are thus affected or otherwiſe, 
I have not yet exactly diſcovered. But I ſhould 
conclude from other obſervations, that when they 
begin to flow they have not yet arrived at their 
greateſt heat. Is not th's the reaſon of it, becauſe 
the fire firſt entring the largeſt pores, removes the 
parts ſufficiently from one another, ſo that they 
no longer cohere, but are reduced to a ſtate of 
fluidity; but it has not yet entered the narrower 
pores of the particles, nor ſaturated them with 
the whole quantity poſſible ; which when 1t has 
mtirely filled, the whole maſs is red hot, and 
cannot admit of any more fire. But what muſt 
we ſay of iron, which when melted in a crucible, 
is found to be of a leſs volume than before when 


it was cold, and that this is the only metal which 


is dilated as it grows cold? Cold iron is condenſed, 
grows rarer by the fire, and fo much the more as 
it is more impregnated by the fire, till it is re- 
duced to a fluid ſtate; if then it be poured into 
moulds, and from a fluid ſtate begins to be chang- 
ed into a firm maſs, it ſwells, and in it's inmoſt 
ſubſtance acquires ſmall, copious, and empty ca- 
vities ; becomes firm iron, though ſtill very red, 
and proceeding to grow cold, is no longer inflated, 
but ſhrinks, and the colder it grows, the more 1t 
is condenſed, No man living has made more ac- 

B 3 curate 
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curate trials upon iron, than Mr. Reaumure, that 
brighteſt ornament of France. But after metals 
are reduced to fluidity, and are ſaturated with the 
greateſt quantity of fire, though they remain in 
the fire never ſo long, they receive no more, but 
partly becoming volatile they paſs into air, and 
OP turned into aſhes, and theſe finally into 
glaſs. 

$. 770. And ſo it is likewiſe with other bodies, 
as pitch, ſulphur, c. that action of fire, by 
which it makes the parts volatile, is called evaps- 
ration, or exhalation. This happens in the ſubtileſt 

arts of bodies, which may chiefly be rariſied by 

Fre, may be rendered ſpecifically lighter, may be 
more ealily moved by it, and drove upwards. All 
which things while the parts undergo, they acquire 
an elaſtic force. : 

$. 771. After that the more ſubtile parts, 
chiefly thoſe that are watery and oily, have been 
expelled from bodies by the action of fire, the 
groſſer parts ſtay behind, being ſeparated far from 
one another by the fire, which afterwards flying 
away, they ſcarcely touch one another, hardly at- 
tract, do not cohere, and are called aſbes or calx. 

F. 772. As ſoon as the fire is fled away from 
the aforementioned firm bodies, that is when the 
grow cold, the bodies are condenſed, paſſing 


through ſucceſſive degrees into a leſſer extenſion. 


. 773 By how much the more bodies have 
been heated by the fire, ſo much the ſooner they 
are condenſed, if put in a place or medium that 
is leſs hot; the greateſt quantity of the fire then 


flying away. But by how much they were leſs 
hot, by ſo much they are condenſed more ſlowly. 


$. 774. Such firm bodies as are ſooneſt expand- 
ed by fire, when taken from the fire are ſooneſt 


contracted, or grow cold. Becauſe as the fire has. 


an 
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an eaſy entrance into them, ſo it eaſily goes out. 
On the contrary, they preſerve the heat more 
tenaciouſly, which receive it with more reluctancy 
and difficulty. 

$ 775. Whatever fluids have been examined, 
as air, common water, the waters of medicated 
plants, wine, vinegar, ſpirit of wine, the expreſſed 
oils of the fame plants, iſicles, acid and alcaline 
ſaline ſpirits, quickſilver, when ſhut up in phials 
with a wide belly ending in a long thin neck; 
being expoſed to the fire are expanded, and aſ- 
cend out of the belly into the neck: and aſcend 
ſo much the higher, as they are expoſed to a 
greater fire; but this within a certain limit. When 


taken from the fire and put into a colder place or 


medium, they are contracted, ſhrink, and from 
the neck deſcend again into the belly of the phial; 
and are condenſed ſo much the more, the more 

they are deprived of fire. | 
$. 776. Therefore fire inſinuates itſelf into all 
bodies that have been yet tried, whether firm or 
fluid. Firſt it fills up the interſtices of the parts, 
and repels the parts from one another, then it 
enters the pores of the parts, and perhaps alſo the 
pores of the particles, even to the leaſt, by ſe- 
parating at Jaſt even the elements themſelves. 
Wherefore the whole body ſwells, being molt in- 
timately penetrated by. the fire. Becauſe all the 
bodies upon the ſuperficies of the earth, in winter 
and ſummer, are ſometimes expoſed more oblique- 
ly to the rays of the ſun, and ſometimes to the 
more denſe and ſtriking more directly, they will 
be expanded into a greater volume by ſucceſſive 
degrees, the_ more we proceed from winter to 
ſummer. Beſides, by how much the places of the 
earth are expoſed to a greater quantity of rays, fo 
much the more will the bodies be rarified which 
B 4 are 
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are found there. And as this happens in the 
places which are near the equator, 1t is manifeſt, 
that bodies near the equator will ſwell more, than 
thoſe that are in the colder polar regions. There- 
fore the pendulum of a clock, which is made of 
metal, will be ſhorter in the colder climates, than 
near the equator. Alſo becauſe the ſun riſes daily, 
and warms the earth, which grows cold again 
when it ſets, all bodies upon the earth's ſurface 
will be expanded in the day-time, and will be again 
contracted in the night-time. And therefore all 
bodies will be in a continual ſucceſſion of con- 
traction and dilatation. They will be dilated by 
the fire, which drives away the parts, and con- 
tracted by the attractive force, by which the parts 
n apptoach towards a cloſer union, and 
y which the fire is expelled. 

§. 777. Yet there are certain firm bodies, which 
are contracted when expoſed to the fire, and not 
expanded. Such are al the woods of trees and 
of ſhrubs ; alſo the parts of animals, as bones, 
membranes, and ſtrings made of their inteſtines. 
Theſe contractions are made, becauſe the fire ex- 
pels the ſubtile parts of theſe bodies, and flies 
away with them; whence the remaining ſolids, 
ſtill approaching to a cloſer union, come nearer to 
one another, though they were removed by the 
fire. But they are now leſs ſeparated by the fire, 
than before by their volatile particles, ſo that be- 


ing deprived of theſe, they are diminiſhed, and 


ceceſlarily contracted. | | 

S. 778. As firm bodies are unequally dilated 
by the ſame fire, both as to bulk and celerity, it 
will not be otherwiſe with fluids. In the experi- 
ments the rarefaction ſeemed to be ſwifteſt and 
greateſt in air, and always leſs in other fluids in 
this order, 


Air, 
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Air, alcohol, petrol, oil of turpentine, rape- 
oil, diſtilled vinegar, water, ſalt- water, aqua for- 
tis, oil of vitnol, ſpirit of nitre, quickſilver. 

F. 779. The fluids aforementioned, and all o- 
thers except air, by help of fire may be reduced 
to ebullition, and then they are as hot as they 
can be in the open air, and are in their greateſt 
expanſion. 

The alcohol, from the degree of the greateſt 
artificial cold, excited by the help of ſpirit of 

nitre, and now bubling, is expanded + part of 

it's whole volume. Water from the ſame cold 

co it's ebullition is expanded , part of it's bulk. 

Mercury from the ſame degree of cold to it's 

 ebullition ſwells to r parts of it's magnitude. 

F. 780. Becauſe fluids are more expanded than 

* fixed bodies, by an equal quantity of fire, they 

have been applied to detect the quantity of fire, 

* Which is concealed in all bodies whatever. The 
inſtruments appotneed to this uſe are called Ther- 
mometers or Thermoſcopes. | 

Becauſe air is much rarified by a moderate fire, Gy 
Drebbelius thus conſtructed an aerial Thermoſcope. | 
To a capacious ſphere of glaſs A is joined a Tab. 10. 
tube BE, and any veſſe] D contains a liquor. Fig. 23. 
Firſt a little air is expelled out of the ſphere A, | 
then into the tube of the open orifice E, the li- 1 
quor aſcends being preſſed by the weight of the 1 
atmoſphere, ſuppoſe as far as C. As ſoon as a 1 
greater quantity of fire enters the ſphere A, it's air 
rarifies, and has no room to betake itſelf to, un- 
leſs it ſomewhere expels the liquor from C to- 
wards E. Therefore the liquor deſcends more 
or leſs in the tube, according to the quantity of 
fire that enters and rarifies the air. This Ther- 
moſcope is very ealily affected; but fince the 
weight of the atmoſphere 1s variable, by which 

che 
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the liquor is ſuſpended in the tube, it cannot be 
long truſted. For if, by the increaſe of the 

[| weight of the air, the liquor ſhould aſcend in the 

|| tube beyond the mark C, and at the ſame time the 

i! air in the ſphere A, being rarified by a greater 

b" quantity of fire, ſhould depreſs the liquor as 

[! | much, that being acted upon by each cauſe in 

| 

[ 

| 

| 


1 oppoſite directions, it ſhould ſtill remain at C; 
11 the ſame degree of heat will ſtill ſeem to have 
1 continued, which yet had increaſed. And we 
| ſhould not know that it had increaſed, unleſs we 
: were aſſured by other tokens, that the weight of 


the air was changed. But when this is known, 

, we ſhould not yet know that the heat was in- 

4 creaſed, which involves the obſervation. in great 

| difficulty. For the fluid in the pipe will be as 

much moved by the change of the weight of the 

atmoſphere, as by a different degree of heat. I 

need not mention any more inconveniencies of 

this inſtrument, which is now grown into general 
diſuſe. 

$. 781. Into the place of this the Florentine 

Thermoſcope has been ſubſtituted, ſo called be- 

cauſe it was invented by the Philoſophers, who 

compoſed the Leopolaine academy at Florence. 

1 Here alſo to the ſphere A a ſmall glaſs tube B C 

Fig. 24. was annexed, at a time when the heavens enjoyed 

a temperate heat; it is filled with tinged ſpirit of 

wine as far as the middle D, then the upper part 

of the tube C is ſealed hermetically. And ſo in 

this Thermometer the ſpirit does not lye under the 

weight of the atmoſphere. A ſcale is added, 

divided at pleaſure into equal parts, reckoning 

from D towards C, and from D towards B. The 

ſpirit in the ſphere A being rarified by a greater 

quantity of fire, will aſcend higher in the tube; 

and when the fire goes away, it deſcends out of 

| the 
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the tube towards the ſphere. Now though this 
Thermoſcope is better than the former, yet it is 
liable to the following errors. Firſt the ſcale 
which is affixed to it begins from no fixed and 
conſtant term, neither does it end in a fixed term, 
nor do the diviſions ſhew any thing certain about 
the quantity of rarefaction. Secondly the air, 
which muſt be neceſſarily left in the upper part of 
the tube, being expanded by the approaching 
heat, reſiſts the aſcent of the liquor, and hence 
the liquor will aſcend in the tube leſs than it 
ought to do. Thirdly, the higher the liquor 
aſcends in the tube, ſo much the more it gravi- 
tates downwards upon the ſphere, and is an hin- 
drance to the aſcent of the liquor. Fourthly, in 
proceſs of time the ſpirit loſes much of it's flui- 
dity and elaſticity, and being grown ſtale it does 
not ſo eaſily comply with the fire, by expanding 
itſelf, as when it is freſh, Fifthly, the glaſs it- 
ſelf becomes more capacious by heat, and is 
more contracted by cold; ſo that the rarefactions 
of the aſcending liquor are perceived to be leſs, 
and the deſcents alſo to be leſs, than if the veſſel 
were always to continue of the fame capacity, 
which always ſhould be in theſe experiments. 
Sixthly, it can be uſed only for meaſuring a ſmall 
difference of heat; for ſpirit of wine boils ſooner 
than any known fluid, ſo that the degrees of 
heat of boiling fluids cannot be diſcovered by 
it's means. Seventhly, by intenſe cold the ſpirit 
is converted into ice, as was obſerved by the in- 
genious Mr. de Maupertuis in Lapland; ſo that the 
cold of the atmoſphere, and much leſs any more 
intenſe degree of cold, cannot be obſerved by 


this Thermoſcope. Eighthly and laſtly, hardly 
two or more Thermoſcopes, that ſhall go alike, 
can be conſtructed after this manner. Partly be- 
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cauſe two globes, which are in the ſame ratio to 
the capacities of the tubes, can hardly be procur- 
ed; and partly becauſe all ſpirit of wine has not 
the ſame tacility of dilatation. 

§. 782. Theſe faults being known, it were 
better to make uſe ,of mercury than ſpirit of 
wine. For pure mercury has the ſame degree of 
dilatation, and always remains the ſame. Beſides 
inſtead of a ſphere, a cylinder may be annexed to 
the tube, which eaſily may be choſe of ſuch a 


- magnitude, that it's capacity may have any de- 


termined proportion in reſpect of the tube; 
namely as 11124 to 670. By obſerving which, 
ſeveral Thermoſcopes may be conſtructed to the 
ſame ſcale. And the cylinder may be made of 
glaſs of a moderate thickneſs, leſt when the tube 
is ſealed hermetically, the internal capacity may 
be diminiſhed by the weight of the atmoſphere, 
which before had been nicely adjuſted in the air. 
To this 1r.convenience thoſe Thermometers are 
ſubject, the concave belly of which, to increaſe 
the ſuperficies, was made of a different figure, 
and of thin glaſs. Seconaly, that the mercury 
may be dilated in the moſt equable manner, it 
muſt farſt be freed from all air; then let the more 
capacious cylinder be filled with it, and part of 
the tube, which above 1s left quite empty of all 
air. Becauſe mercury will not boil without much 
fire, and very difficultly, it is proper for meaſur- 
ing the ſeveral degrees of heat of all bodies. 
And becauſe it will not be frozen into ice by any 
degree of cold, it will ſerve alſo for meaſuring 
the degrees of cold. A fixed and conſtant ſcale 
may alſo be adjoined to it, beginning from unity, 
denoting that degree of cold, which in theſe cli- 
mates is produced in winter, by ice mingled with 
{al ammoniac. The number 70 is put _ 
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firſt, when the greateſt cold is obſerved, whether 
natural or artificial. The number 32 is put above 
the firſt, when water begins to freeze into ice. 
212 is put, when it ſtands ih boiling water. And 
600 is there placed, when the mercury begins to 
boil. And thus it will be known how much the 


mercury is dilated, when it ſtands at any degree 


becauſe the capacity of the cylinder is given, in 
reſpect of that of the tube. | 

This Thermoſcope will be without the faults 1, 
2, 4, 6, 7, which we have taken notice of in 
that of Florence; but it will be liable to 3 and 5. 
And though 3 may be prevented, by placing the 
tube horizontally, the fifth defect has hitherto 
not been removed. Therefore by the degrees of 
aſcent we cannot determine any thing certain 
about the true quantity of rarefaction; much 
leſs can we lay down for certain, that the real 
quantity of fire will be meaſured by ſuch an in- 
ſtrument. 

For firſt, the beginning of the ſcale is not plac- 
ed, when the mercury was purged from all fire; 
ſince a much more intenſe degree of cold is now 
known. 

Secondly, we cannot tell whether a rarefaction 
of a body being given, proceeding from a certain 
quantity of fire, that the rarefaction from a dou- 


ble quantity of fire will be as great again. In 


firm bodies this by no means obtains, becauſe of 
the attractive power of the parts. And ſome- 
thing like this may obtain in fluids, 

Thirdly, if all fire does not move with equal 
rapidity, a good deal of fire that moves more 
ſlowly may enter the mercury, and rarify it a lit- 
tle; or but little fire that is much agitated may 
rarity it much. Therefore the expanſions of the 
mercury obſerved in the tube will not exhibit the 


meaſure 
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meaſure of the quantity of fire. And yet theſe 
Thermoſcopes are the beſt and moſt perfect of all, 
which art has hitherto found out, and which we 
chiefly owe to the moſt ingenious Fabrenbeyt. 
How they may be conſtructed I have explained 
in ſhort, in my commentaries annexed to the 
Florentine Eſſays. The moſt ingenious Mr. Reau- 
mure has endeavoured to improve the Florentine 
Thermoſcope *, and has adapted to it a fixed ſcale, 
with good ſucceſs. Alſo he cleanſes the ſpirit of 
wine of it's air, he expels it out of the phial 
and tube by means of fire, ſo that this Thermo- 
ſcope is brought to the utmoſt perfection it is ca- 
pable of. But it muſt {till yield to the mercurial 
Thermoſcope in point of perfection, becauſe it 
cannot ſerve for meaſuring all degrees of cold, 
not even that which is natural, nor can it indi- 
cate the heat of any boiling fluid, becauſe in a 
few years the ſpirit of wine grows foul, and loſes 
a great part of it's activity. 

$. 783. As often as a greater heat of bodies is 
to be examined, than boiling mercury can attain 
to, our Pyrometer may be applied, which accu- 


rately meaſures the expanſions of the moſt ardent 
bodies, 


$. 784. The mercurial Thermoſcope, con- 


ſtructed according to the foregoing ſcale, moſt 
evidently ſhews, that vanous liquors will require 
a different quantity of fire, to make them boil. 
This will not be in proportion to the denſity of 
the bodies, ſince light oils, if they are hot, re- 
quire much fire, alcohol of wine will boil when 


the mercury ſtands at 176 degrees, quickfilver in 


boiling water aſcends to 212 degrees, in boiling 


ſpirit of nitre it aſcends to 242 degrees, in boiling 


lxivium of tartar to 240 degrees, in boiling oil of 
» L'Hiſtoire de I Acad. Royal. Aout. 1730. 
vitriol 
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| vitriol to 546 degrees, and quickſilver itſelf boils 
„at oo degrees; nor will linſeed oil boil ſooner. 
S. 785. It has been obſerved by the aſſiſtance 
of Thermoſcopes, that mercury or ſpirit of wine, 
| FF. (if the Florentine machine be uſed) being ſudden- 
ly immerged in a much colder liquor, will firſt 
aſcend in the tube, and then deſcend. But on the 
' contrary, if they are immerged in a much hotter 
„liquor, the mercury or ſpirit will firſt deſcend in 
| the tube, and afterwards aſcend. This happens 
| |: becauſe the glaſs of the Thermoſcope is ſooner 
affected by the cold or the heat, than the mer- 
„ cury or ſpirit which is contained in it. The glaſs 
zs contracted by the cold, and therefore the mer- 
cury aſcends being expelled out of the belly. 
„ | The capacity of the glaſs is increaſed by the heat 
that dilates it, and therefore the mercury deſcends 
in the enlarged belly of the T hermoſcope, and ſo 
long till the glaſs being now penetrated by the 
fire, and ſtil] creeping forwards, the fluid itſelf 
begins to be rarified. The ingenious Bulfinger has 
confirmed this by other experiments*. Where- 
. 


fore all the viciſſitudes of aſcent and deſcent, 
which the mercury ſhews in the Thermoſcope, are Tab. 10. 
only it's rare factions, which are greater or leſſer Fig. 26. 
- | than thoſe, to which the glaſs is expoſed by the 
© | fame fire. 
> © >&F. 786. Fire which thus copiouſly inſinuates 
itſelf into bodies, and adheres to them, is found 
f to increaſe their weight, and therefore like all 
- other bodies is itſelf endued with gravity. 
1 This muſt be proved by a few experiments, 
1 | ſuch as have been deſcribed in great plenty by du 
4 Clos, Boyle, Honiberg, and others. It is well known 
; that 100 pounds of lead, calcined in a vehement 


a comm. Acad. Petropol. Vol. III. p. 242. 
3 2 fire, 
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fire, have yielded 110 pounds of minium. Hellote 
has reduced 4 pounds of zinck into a calx, and 
has obtained 3 pounds and 14 ounces of a very 
white beautiful calx, beſides 2 ouncesand 2 drachms 
of a more groſs and leſs white calx, and 1 ounce 
of earth. So that every pound gave an increment 


of weight, of 24 drachms, though at the ſame time 


much of the metal went off in ſmoke *, But we 
may better truſt to ſuch experiments as are made 
with veſſels well cloſed. Shavings of pewter to 
the quantity of 2 ounces were included in a glaſs 
retort, which was afterwards ſealed up, and kept 
for an hour and half in the flame of burning ſul- 
hur; it was converted for the moſt part into a 
calx, which being afterwards weighed, was found 
to have received an additional weight of 4+ grains. 
An ounce of filings of copper was put into a 
crucible, and covered with a tile, and then expoſed 
to the fire for the ſpace of 3 hours. The metal 
being cold, and now black, acquired the weight 
of 49 grains. 
An ounce of ſhavings of pewter was put into 
a glaſs retort, which was then ſealed hermetically, 
and expoſed to the flame of ſpirit of wine for two 
hours. When it was cold and weighed, it was 
found to have acquired an increaſe of weight of 
44 grains. 
Fire being collected in three different kinds of 
combuſtible matter, and being ſtirred, had the 


ſame effect by affording an increaſe of weight. 


But hence a ſuſpicion might ariſe, whether ſome 


of the more ſubtil parts of the earthly matter, 
along with the fire, might not paſs through the 


glaſs veſſels and the crucible into the metals that 
wereexamined, which might increaſe their weight, 
and not the fire. This doubt may be cleared up, 


L' Hiſt. de Acid, Royal. An. 1735, 
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pureſt fire, ſhould perform the ſame effect. 

Du Clos took a pound of regulus of antimony, 
reduced to the fineſt powder, and putting it into 
a well-glazed earthen veſſel, he expoſed it to the 
focus of a burning ſpeculum. A white and thick 
ſmoke proceeded from the antimony, and in an 
hour's time the powder was reduced as it were to 
aſhes, and was increaſed by a tenth part of it's 
former weight. 

Theſe experiments were made upon various 
minerals, and gave a like increaſe of weight, as 
may be ſeen in du Hamel. Homberg found the 
ſame thing in antimony, by means of a burning- 
glaſs, which is confirmed alſo by Lemmery *. Lead 
being melted in the focus of a very great burning- 
glaſs, and then calcined, and changed into glaſs, 
though it had emitted much ſmoke, yet it was 
increaſed in it's weight, as Zumbach obſerved at 
Caſſel. Therefore fire, whether terreſtrial or pure 
celeſtial, increaſes the weight of bodies, inheres 
in them, and therefore has weight itſelf. 

§. 787. In all the experiments, which ſhew that 


weight was added to bodies by means of fire, the 
bodies were expoſed to a conſtant and copious fire, 


were deprived of their elaſticity and coheſion, 
were reduced to a calx in which much fire was 
detained and included, which had a notable weight 
of it's own. Whatever has been attempted by 
ſome, in oppoſition to this gravity, is of but little 
conſideration. For it is not to be wondered at, 


that a ſmall quantity of fire, collected into a body, 


ſhould have no ſenſible weight; ſo that a mals 
of iron, being weighed when cold, then heated 


* Hiſt. Acad. Reg. lib. 1. ſect. 2. c. 1. 
d L'Hikt. de l Acad. Roy. An. 1709, & in Chemia, cap. 5. 
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and weighed again, ſeems to have continued of 
the ſame weight. But if we, conſider the maſs 
was weighed in the air, that it is of a leſſer volume 
cold than hot, and therefore being inflated and 
hot, that it ought to indicate leſs weight in the 
fluid air, and though it has the ſame, the fire in 
it is of ſo much weight as the body had loſt of 
it's weight, becauſe of it's volume being increaſed. 
Wherefore by this experiment nothing can be 
proved againſt the weight of fire, but it rather 
confirms it. But the heated iron remains of the 
ſame weight, becauſe it is ſo little rarified; where- 
as other metals, which ſwell to a much greater 
bulk, being heated become lighter. For 4 pounds 
of melted lead were lighter by 4 grains, and 4 
pounds of melted pewter were lighter by only 2 
grains. For lead before it runs is expanded into 
a much greater volume than pewter, and there- 
fore is more ſuſtained by the air. And theſe me- 
tals are rarified much more than iron by the ſame 
fire. But as long as bodies continue firm maſſes, 
or are reſtored to them again, they again expel 
fire out of them by their attractive force; which 


does not obtain after calcination. Much leſs does 
the flame of burning bodies, which aſcends and 


does not deſcend, overthrow the weight of fire; 
becauſe this, together with the particles of the 
bodies which are much rarified, compoſe a maſs 
ſpecifically lighter than that air, through which 
it aſcends. Therefore in finer air the flame always 
aſcends leſs and leſs, till in air that is much rari- 
fied it does not aſcend at all. Another difficulty 
has been moved, that bodies, which have been 
calcined by a burning-glaſs, acquire a greater in- 


creaſe of weight in open veſſels, than in thoſe 


which are cloſed; therefore they ſay, that ſome 


particles have accrued from the air, which have 


increaſed 


* 
2> 
T4 
47 
Mi 
8 
— 
A 
A 
* 
2. 
* 
* -» 
* 
S; 
. 
© % 
hd 
1 
2 is 
- 
4 
— 8 
1 
3 
* 
8 5 
by 


> * 5 * £4 - *. * 2 . 1 
14 7275. ONT 


. 


e 


ern * 1 l . 0 8 , ; - 
. F * „„ N. 3 n 3 42 2 1 Ea > 
% Ran 3 x . 3 AE oh " 2% a 
4 5 , * + £ n 
* * N * I 3 8 


15 eG 


* 1 , 
5 5 Wl " 7 f 1 , 4 9 4 


NATURAL PHILOSOPHY. 


increaſed the weight. But if in cloſed veſſels the 
weight of the calcined bodies has increaſed, this 


could not be owing to the air, the acceſs of which 
was hindred. The greater or leſs increment de- 
pends upon a longer or ſhorter, a ſtronger or 


lighter calcination, and therefore we muſt con- 


clude, that fire is endued with gravity. 


Another ſcruple remains, that the weight of 


bodies, reduced to a calx by means of the rays of 
the ſun, is much increaſed, whereas light is a very 
rare and ſubtil thing, and therefore in the time 
in which the calcination is performed, can only 


communicate an infinitely ſmall gravity to bodies, 


and not ſo great as we obſerve it to be. But who 
can tell the weight of an intire ray of the ſun? 
Who can determine the quantity of rays falling 
upon a body, reflected by it, or inherent in it? 
It a ray from the ſun, extended as far as the earth, 
had the gravity of +5545 part of a grain; 
then r00000000 rays would have the weight of 
one grain, all which entring a body, which 1s re- 
duced to a calx, in the ſpace of 7 or 8 minutes, 
will give. an increment of weight equal to one 
grain; and therefore 60 more ſuch will add to 
the body the weight of a drachm : ſo that this 
{cruple is likewiſe but of ſmall moment. 

F. 788. Now from all that has hitherto been 
delivered, concerning fire, it plainly follows 
firſt, that fire 1s a body, becauſe 1t occupies ſpace, 
and extends itſelf from a heated body to all the 
bodies or ſpaces round it. Therefore it has mo- 


tion, becauſe it expands itſelf. It has ſolidity, as 


is ſhewn by it's repercuſſion by burning-glaſſes. 
It has alſo gravity. Some think that fire 1s pene- 
trable, but not ſolid z becauſe if a ray of the ſun 
falls perpendicularly upon a ſpeculum, it returns 
again the ſame way, which could not be if it did 
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not penetrate itſelf. But the incident and reflected 


rays cannot run near one another, for there 1s no 
reaſon why the incident ray ſhould be deflected 
from it's courſe. A ſubtle argument this! But 
I defire to know, whether it appears by any ex- 
periment, that a ſingle ray of 12 7 reflected by 
a ſpeculum, returns through itſelf? It muſt not 
be replied, that a ſenſible ray is ſo moved; for 
ſuch an one conſiſts of innumerable ſmall diverg- 
ing rays, ſo that any one of them may eaſily re- 
turn in an adjacent line, without any mutual pe- 
netration. Secondly, fire will conſiſt of parts ex- 
tremely ſubtile, ſince it penetrates into the pores of 
all bodies whatſoever, as well compact as fluid. 
Thirdly, it's parts will be moſt ſolid, becauſe they 
are the leaſt, and therefore not much porous ; and 
perhaps they are elaſtic. Fourthly, they muſt 
have a moſt ſmooth ſurface, for this 1s a conſe- 
quence from their faculty of penetrating into all 
bodies, even their moſt intimate receſſes ; which 
could not be if the particles of fire were rough, 
ſhaggy, or hooked. The very great fluidity of 
fire ſhews the ſuperficies of the parts to be ſmooth 
and ſlippery, which obtains only among corpulcles 
of a ſpheroidical figure. Fifthly, fire is alſo en- 
dued with extreme mobility, ſince it moves the 
parts of other bodies with the greateſt rapidity, as 
eaſily appears by the focus of burning-glaſſes. It 
can adhere to bodies, for 1t increaſes their weight, 


and flies away with thoſe which it has made vola- 


tile. Seventhly, it can be reduced to reſt, at leaſt 
to a leſs rapidity than it had before; for it adheres 


to the calx of metals, and of other bodies which 


do not grow hot by the Thermometer. "Theſe 


calxes imbibe ſo much the more fire, as they have 


continued longer in it; as appears if two equal 
lumps of ſtony calx be macerated in water, of 
| which 
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the other. By this calx the water will grow much 


hotter. And the ſame thing happens in alcaline 


ſalt, A large quantity of fire, when pent up 


within the parts of bodies, very often ſhines, as 


may be ſeen in the Heluetian androdamas, in the 
Bononian ſtone, and almoſt in all other ftones, 
whether calcined, or firſt diſſolved in acid ſpirits, 
and afterwards calcined ; as alſo in boles, earths, 
the bones of animals, the aſhes of plants. For 
all theſe things, being ſomething illuminated by 


the ſun, and then carried into an obſcure place, 
will ſhine and retain the light for ſome time; 
- nay, if they loſe it, being again expoſed to the 
ſun, they will recover it again. The Bononian 
* ſtone, being preſerved in cotton, keeps it's ſhining 
virtue above five years. The calcined belemnites 


and the topaz do the ſame. It has been tried, 


whether the light of the Bononian ſtone were ſolar 
light, or light that has entered into it, and then 
- agitated with new motion by light. But light 
- ſeparated into colours by the priſm, and pro- 
- jected upon this ſtone, ſhews it to be light that 
had been before imbibed, and now agitated afreſh 


by the ſun's light. However many other bodies 


imbibe the light of the ſun, and keep it for ſome 
time, as diamonds, ſapphires, amethyſts, and o- 
ther precious ſtones. But there is a wonderful 
variety of bodies, ſo that trials do not always an- 
ſwer expectation. Du Faye, who has notably pro- 
moted this inquiry, placed diamonds of ſeveral 
colours in the ſun for the ſpace of 22 minutes; 
then in the dark he found the yellow ones to ſhine 
much, but the others not. At another time the 
yellow and the blue ones ſhined a good while. 
| There are ſhining emeralds, as alſo cryſtals, and 
| lapis lazuli, They equally imbibe light, whether 


C 3 placed 


which one lump has endured the fire longer than 


21 


_—_ 
— — 


—— 2 — ͤ—ů³— 


— . WO — 
- — 
- — as « wy _ 
Ws — — E - = 8 
— ** — — — — 


—_— 


— ——— — 2 <p 
- - > — — 


509 — 


＋ - _—__—_—— 
—— — 
— — 1 — 
— — — 


22 | The ELEMENTS of 2 


placed in the open air, or under glaſſes, under 1 
water, or milk, but not under ink. Bodies en- 
dued with the property of imbibing light may 
loſe the ſame by frequent ignitions, as is obſerved | 
in cryſtals, the phoſphorous ſtone of Bern, and 
emeralds. There are others which acquire that 4 
faculty by ignition, as the Bononian ſtone, the ; 
belemnites, gypſe, the. phoſphorus of Baldu nn. 
$. 789. Fire is ſuſceptible of very different 
degrees of velocity, continually decreaſing before 
it paſſes from that moſt rapid motion, which it ; 
enjoyed before, to a leſſer and leſſer degree, and 
finally almoſt to a ſtate of reſt. Therefore there 
may be ſometimes much fire in a body with but 
little motion, or with but ſmall effects of it; 
and ſometimes but little fire with a great effect. 
Perhaps phoſphori prepared from the parts of ani- 
mals are of that nature, that whereas they are cold 
under water, and not ſhining, but only ſhine out E 
of water, they may poſſibly contain a great dea! 
of fire, but which 1s chiefly at reſt. Therefore ry 
as ſoon as their fire begins to move, it imme- Ed 
diately ſhews the great abundance of it, both by 
it's eaſy inflammation, and alſo by it's heat. Alſo 
minium, heated in vacuo, proves the ſame by it's 
vehement expanſion and burning. 13 105 
$. 790. Fire inherent in bodies 1s retained by 
ſome. circumambient bodies, and by others is 
extracted as it were, either ſooner or later. | 
For metals, ſtones, pebbles, woods, fluids, ſhut * 
up in veſſels and made hot, and afterward wraped 
up in wool, flocks, feathers, ſkins of animals, 
hair, will keep hot for a long time. On the 
other hand, if water or other liquors is poured 
upon them, or if they are committed to the open 
alr, they will ſoon grow cold. | 


 * L'Hiſt. de l Acad. Royal. An. 1730, 34, 35. 
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NATURAL PHILOSOPHY. 
Hot water ſooner loſes it's fire in Boyle's vacu- 


um, than in the open air. Rotten and ſhining 
wood, ſurrounded by air, retains its fire for ſome 


days, of which it will be ſoon bereaved if put 
into Boyles vacuum. This wood, when once de- 


prived of it's fire, does not recover it again by 


being reſtored to the air. Lampyris ſhines in the 
air, in the vacuum ceaſes to ſhine, and admitting 
the air it ſhines again. Yet iron keeps its fire 
longer in vacuo than in the air; and perhaps ma- 
ny other bodies are ſubject to the like irregu- 
larities. © 

§. 791. As often as a heated body is laid upon 
another that is leſs heated, it communicates it's 
fire to it. And ſo much as it communicates, ſo 
much it loſes: and it continues to communicate 
till both are equally hot. 

$. 792. After this manner all firm bodies ope- 
rate upon firm and fluid bodies, and fluids upon 
fluid and firm bodies, without any difference hi- 
therto known. 

793. Wherefore fire paſſes out of bodies by 
diffuſing itſelf all round about, till it remains in 
equal _ in all near and ambient bodies. 
Therefore if in any ample ſpace there ſhould be 
found many bodies together, whether firm or 


fluid; as iron, lead, marble, flocks, wool, fea- 


thers, cotton, wood, cork, wine, water, oil of 
vitriol, quickfilver, or any other whatever; and 
if theſe were contiguous to one another for ſome 
hours, and the place was warmed neither by the 
ſun, nor by fire lighted in it, nor by the heat of 


men; all theſe bodies, examined by means of a 


very tender Thermometer, would appear to be 
equally ignited, or equally hot. Yea, the Ther- 


moſcope, or the bodies with it, included in the 
' Boylean or Torricellian vacuum, would ſhew the 


C 4 ſame 


n 
„ oa — . 2 — — — — 
— — ꝙ—V—ͤ ̃ 2 — * * 
Dow > —- - — 3 > — 1 * 
> — — 2 


— — 
* 


= wm ww 
O41 
— — — 


— 


— : — 3 — 
i ome — — — — or——_ 
8 — 


— — hn a 


r ” AGE > FC 
- 


24 


The ELEMENTS of 


ſame quantity of fire. For the fire will be equally 
diſtributed through all, ſo that in a cubic foot of 


gold, and air, and feathers, there would be an 
equal quantity of fire, Does this depend on the 


elaſtic nature of fire? 


6. 794. Therefore a Thermoſcope ſuſpended 


by a long thread, and made to vibrate in the air, 


can ſhew no difference of heat or cold. Even 
wind, blowing upon the Thermoſcope by a pair 
of bellows, will not cauſe any change in it. But 


if the Thermometer be moiſtned by water, and 
then the wind blows upon it, a notable change 
will follow, cold immediately ariſing. Sailors 
know this, when among their ſails they hang up 


veſſels rolled up in moiſt clothes, that they may 


be cooled by the wind. Theſe experiments re- 
quire no ſmall care, nor can they be. performed 
before many ſpectators, becauſe the place would 


ſoon grow warm unequally, by means of their 


bodies, and ſome bodies receive fire into them 
ſelves ſooner than others. 


freely ſeit to themſelves, attract fire alike, or do 
they qo it with unequal force? If it were ſo, 
ſome bodies would remain hotter than others. 


Yet light, as we learn from Newton's experiments, 


is attracted more ſtrongly by ſulphureous bodies 
than by others. Or is this difference of attrac- 
tion ſo ſmall, that the rarefaction of bodies can- 


not ſhew it, by the aſſiſtance of our Thermo- 


ſcopes, though the refraction can? 1643 13. 
9. 796. It may alſo be underſtood by the equa- 


ble diſtribution of fire, why fire from a burning. 
coal, from a ball of metal, or of ſtone made 
hot, paſſes as well upwards as downwards, and 
ſideways, and every way; as the Thermoſcopes 


prove. gy 46 | 


9.797. 


$. 795: Therefore do bodies at reſt, when 
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NATURAL PHILOSOPHY. 
5.7% Bur fire alſo will be equably diſperſed 


through alk the parts of the ignited body, But 


becauſe a body applied to another touches it only 
in the ſuperficies, to which the fire is communi- 
cated firſt; the other body growing hot will keep 


the ſire in the centre for a long time. 


_ 


5. 798. I took notice in F. 793, that in any 


place the fire would equably diffuſe itſelf through 


the whole ſpace, and the bodies placed in it; | 


therefore if àa Thermoſcope be ſuſpended in the 
open air, ſo that it may not be 1 by 
the ſun; it will ſhow the degrees of the fire near 
the earth, and at the height of 10, 20, 3o, or 


40 feet. But in houſes which conſiſt of ſeveral 
- floors lying over one another, this equability of 
fire will not be obſerved in all, either by day or 


night. But at noon the higheſt dining-room may 
be obſerved, which will be alſo the hotteſt. The 
next lower ſtory will not be ſo hot, and the loweſt 
will be leaft hot of all. At midnight the loweſt 
are found to be the hotteſt, thoſe neareſt the roof 
are the cooleſt, and the middle ones of a middle 
degree of heat. This is becauſe the roof being 
- moſt expoſed to the heat of the ſun, in the day- 
time is moſt heated by it. In the morning the 
fire gradually penetrates through the cielings and 
» floors, even to the loweſt, to which it arrives 
though late. At night the external air, being very 


ſoon cool, fans the roof, which therefore ſoon 


- cools, and the fire gently paſſes upwards from the 


lower chambers, through the cielings and roots. 


FS. 799. If two bodies of the ſame matter, that 
are hike and equal to one another, are made equal! 

hot, and one of theſe be laid upon a hard and dente 
body, the other upon a ſofter and rarer body; 
then that which is laid upon the denſer body will 
ſooner loſe it's fire, and a greater quantity on it, 
than 
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than that which is laid upon the rater body. And 
beſides the hard and denſe body will ſeem to hay 
received leſs fire than the other rare bod. 


F. 800. This alſo obtains in fluids, For let 


air, water, and 3 being equally hot, 
be contained in three equal veſſels; and in theſe 


fluids let there be immerſed three equal pieces of 
iron which are equally heated. That will retain 


it's heat longeſt Which is put in air, that ſooner 
loſes it's fire which is immerſed in water, and that 
ſooneſt of all grows cold which is immerſed in 
the quickſilver. 


For fire entring into one body out of another, 


muſt move it's parts, which as they jare more in 
multitude and more cohering in the denſer and 
harder, they will be moved with more difficulty, 
and conſume more of the ſtrength of the fire. 
Therefore the heated body will ſeem ſooner to 


have loſt it's fire, and that which receives the fire 


will ſeem to have received leſs of it. 


$. 801, Hence we know the reaſon, why if | 


we lay our fingers on metal, ſtone, or wool, 
which are equally hot, the metal will ſeem to be 
colder than the wool. For the finger touches 
more parts of the metal than of the wool, and 
cannot move them ſo ſuddenly With. it's fire, be- 
ing harder and leſs ſuſceptible of motion, as the 
moveable, thin, and rare particles of the wool. 
Secondly we know alſo, why our fingers are 
ſooner cooled by metals and other ſolid bodies, 
than by wool. N N 
$. 802. Wind blowing upon the Thermoſcope 
does not heat it leſs than the calm air, by F. 794. 
Yet wind is uſed to cool a human body much 
more than the calm air, and blowing upon it 
when hot brings diſeaſes, not ariſing from itſelf, 
but from the ſtagnating air. This comes to paſs 
| becauſe 
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NATURAL PHILOSOPHY. 
becauſe the human body is naturally hotter than 


the ambient air. Therefore it heats the air, in 


* which being at reſt we are placed as it were in an 
> atmoſphere, being of the ſame or of ſomethin 


leſs heat than our own; and therefore we feel the 
air to be hardly or not at all cool. But the wind 


blowing upon us, the whole warm atmoſphere is 
drove away from the body, and a new air imme- 
diately encompaſſes it, not ſs hot as the body, 
by which the body muſt neceſſarily and quickly 
grow cool. And hence alſo it may be under- 
> ſtood, why our breath breathed upon the back of 


our hand with our mouth open will ſeem hot; 
but blown upon it with our mouth contracted 


will be cold. | 

S8. 803. Bodies generally retain fire ſo much the 
longer, the more difficult it is to make them re- 
ceive it, The heavier and harder bodies are, 
with ſo much the more difficulty they are heated; 
as iron, copper, ſtones. But thoſe alſo preſerve 
fire very long. But chalk is moſt difficult to be 
made hot, and loſes it's heat very ſoon. The 
- lighter bodies are, ſo much the ſooner they loſe 
their fire, Hence air loſes heat ſooner than al- 
© cohol, this ſooner than water, and this ſooner 
than quickſilver. 

FS. 804. The greater bodies are that are of the 
- ſame matter and figure, ſo much the longer they 
= preſerve their fire, being equally heated, and 
placed in the ſame medium. Let a ſmall wire 
and a thick iron rod be made red hot in the fire, 


and at the ſame time be ſuſpended in the air; the 


wire will ſooner be cooled than the rod. For bo- 
dies receive fire in proportion to their ſurfaces, 
and retain it in proportion to their magnitudes. 
Let two like cylinders, priſms, cubes, or ſpheres 
be ſuppoſed; their ſuperficies will be as the 
: {quares 
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ſquares of their diameters, but their magnitudes 
will be as the cubes of the ſame diameters. Let 


the ſphere A have it's diameter of 1 foot, and let 
the diameter of the ſphere B be 10 feet. Their 


ſuperficies will be as 1 to 100, and their ſolidi- 


ties as 1 to 1000. So that the ſphere. B will re- 
tain it's fire 10 times as long as A. If our earth 
were a globe of iron, and were heated red hot, 
and then were left to it's ſelf, it would be hot for 
the ſpace of 5c,000 years, before it would loſe 
all it's fire. 

$. 805. If bodies that are firm, hard, and dry, 
were to move ſwiftly, and to rub violently againſt 
each other, they would firſt begin to be warm, 
and afterwards to grow hot. The attrition being 
continued and increaſed, the heat would alſo in- 
creaſe, till at laſt the bodies would grow. hot, or 
would be lighted up into a flame, if they were 
combuſtible bodies. 

Woods, and chiefly thoſe that are hard, (for 
every fort of wood could not ſupply proper 


matter,) are ſet on fire by attrition only *, hence 


the burning of woods, by the boughs of trees 
agitated by the winds, and rubbing againſt -one - 
another b. A blunt ſteel auger, violently bor- 
ing hard wood, will grow very hot. Robautt tells: 
us, that as he drew his ſaw to and again through 


a piece of hard wood, it grew hot, and he per- 


ceived a ſmell as it were of burning wood. Iron 
laid upon an anvil, and ſtruck with hammers 
ſwiftly and often, becomes very hot. Sugar 
beaten in a mortar manifeſtly ſhines. R 

wound about a tree, and ſwiftly drawn to and 


2 Ariſtoteles lib. 3. de Cœlo. Senec. I. 2. cap. 22. „n. 

d Lucret lib. 1. 

© Du Hamel. in Hiſt. Acad. Reg. I. 2. F. 2. c. 2. Hooke 
in Exp. a Derham. edit. p. 287. 
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NATURAL PHILOSOPHY. 


fro for a good while together, and with ſtrong 
compreſſion, will be hot and burn. An agate 
rubbed againſt an agate emits flame. A tube or 
ball of glaſs, after a ſtrong friction with the 
hand, or with a cloth, or with paper, will grow 
hot, and manifeſtly ſhine. An amalgama of 
mercury ſhines, when rubbed upon a glaſs ſpecu- 
lum. Gold, filver, copper, diamonds, and any 
precious gems will ſhine when rubbed againſt 
glaſs *. Tutty bruiſed into parts with a hammer 
in the dark, diſperſes a bright and great light like 
a phoſphorus *. Mr. Reaumure mixed two parts 
of iron with one part of antimony, and melted 
it. This maſs when filed with a rough file, ex- 
hibited a phoſphorous powder, burning the pa- 
per ©. A rod of iron, with which we ſtir anti- 
mony when it is reduced to a calx, becomes 


phoſphoreous by ſtriking *. Linen, ſilk, hard pa- 
F 150 when violently drawn between the fingers, is 


ot and ſhines ©, Aurum fulminans, and crocus 


martis antimonialis, are inflamed when vehement- 
ly pounded, Theſe phenomena ſhew themſelves 
at any time, or in any place, even in vacuo, as 
Bale and Haukſbee ® have ſhewn, by making a 
= multitude of experiments in vacuo ; by the vehe- 
ment rubbing of a diamond, gum lake, ſealing- 
Wax, glaſs, amber, an oiſter, wool, ſteel, flint. 
Steel ſtriking a flint in the open air diſcovers very 
vivid ſparks of fire, which being collected exhi- 
bit certain melted globes of metal changed into 
© glais. But i vacuo theſe ſparkles do not ſhine, 
yet however globes are produced like the former. 
Fire therefore is preſent every where, and in 


L Hiſt. de VAcad. Roy. An. 1707. > Commercium 


litt. Norimb. An. 1735. I. Hiſt de I Acad. Royal. An. 


b 1730. 4 Idem. Ibid. * Philoſ. Tran. No. 366. 


In Continuat. 1. Exp. Phyſ. In Exp. Phyſ Mechan. 
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every body, and that which before was almoſt at | 
reſt, or but little moved, by rubbing being again 


ſwiftly agitated from ſuch parts, as by a vibrator 


motion tremble very briſkly, then ſhews it's pre-. 


ſence and efficacy. 


$. 806. And becauſe elaſtick bodies very e- 
fily tremble, and continue their trembling motion 
for a long time, elaſtick bodies by friction are fit- | 
teſt for collecting fire. Hence hardned ſteel ſtrik- 
ing againſt flint excites a greater quantity of fire 
than ſoft iron. For ſoft bodies have hardly any © * 
reſiſtance, they do not tremble, or ſcarcely pro- 
duce fire by being rubbed. Hence the bodies of | 7 


animals, which conſiſt of veſſels which are ve 


elaſtick, through which an elaſtick blood moves | 


ſwiftly, ſo eaſily grow hot and collect fire. 
Whereas thoſe animals, which are endued with 
lax bodies and watry blood hardly moving at all, 


are ſo ſenſibly cold. But do bodies grow hot by 


rubbing, by means of that fire only, which they 
contained before they were rubbed ? Or do they 


receive an addition of fire from the ambient 


ſpace, which is as it were attracted by the fricti- 
on? This ſeems to be the caſe, becauſe fire paſſes 
ſo eaſily from one body into another. As alſo 
becauſe the denſer a body is, ſo much the longer 
it retains fire, and the rarer it 1s, ſo much the 
ſooner it loſes it. Thoſe bodies that burn, do it 
not with their own fire alone, but alſo with that 
which they receive from elſewhere. 

$. 807. If among the bodies rubbed by fric- 
tion, F. 805. any kind of liquor is poured, as 
water, oil, tallow, or fat of any kind, heat will 
hardly be produced, at leaſt ſuch as is not to be 
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compared with the former. Hence it is that the Þ 


axis of all wheels, whether of carriages or ma- 


chines, are anointed with greaſe, For theſe fluids 
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fill up and remove the aſperities of the ſurfaces. 
And becauſe being daubed upon the ſuperficies, 
they hinder their mutual contact, and lubricate 
the motion of the bodies upon one another; 


hence but ſmall trembling is excited in the parts, 


that ſcarcely excites the latent fire. 
$ 808. If bodies of the ſame matter are like 


Wand equal to one another, and are painted or 
2 tinged with theſe colours, white, red, yellow, 
green, blue, purple; or if they are black, and 


alike expoſed to the ſhining ſun : then thoſe that 


glare white will be hot leaſt and ſloweſt, thoſe that 
"> are coloured will be more and ſooner hat, the 
heat increaſing according to the order of the co- 
ours abovementioned, ſo that the black ones will 
be moſt and ſooneſt hot. This appears in all 
kinds of cloth, which when wet and black will 
> dry much ſooner than white. Black walls in 
: gardens are much hotter than white ones. Black 
> earths are much hotter than white and bright 
> ſands. In the focus of a burning glaſs, whether 
refracting or reflecting, black bodies are much 
> ſooner ſet on fire than white ones. Sparkles 
> ſtruck from flint and ſteel ſoon communicate fire 
to black and burnt tinder, but not to white lint or 
rags. A black coal of wood, or charcoal, may 
+ be eafily ſet on fire, when the ſame while it was 
wood could not be burnt but by a great fire, 


g. 809. Black bodies are thus eaſily made hot, 


: becauſe blackneſs conſiſts of very minute parts, 
- which are moſt eaſily put into motion. Then 
\ beſides, the fire that falls upon them ſuffers very 
many refractions, by which it is entangled and 
retained among the parts, and very little reflected 
from thence. Now a dark blue colour nearly 
| approaches to a black, and therefore abſorbs and 
keeps much fire, reflecting ſomething more light 
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every body, and that which before was almoſt at 


reſt, or but little moved, by rubbing being again : 


ſwiftly agitated from ſuch parts, as by a vibratory 
motion tremble very briſkly, then ſhews it's pre- 


ſence and efficacy. 


$. 806. And becauſe elaſtick bodies very e- 
fily tremble, and continue their trembling motion, 
for a long time, elaſtick bodies by friction are fit- |? 
teſt for collecting fire. Hence hardned ſteel ſtrik- 
ing againſt flint excites a greater quantity of fire 
than ſoft iron. For ſoft bodies have hardly any © 
reſiſtance, they do not tremble, or ſcarcely pro- | 
duce fire by being rubbed. Hence the bodies of * 


animals, which conſiſt of veſſels which are very 


elaſtick, through which an elaſtick blood moves | 


ſwiftly, ſo eaſily grow hot and collect fire. 
Whereas thoſe animals, which are endued with 
lax bodies and watry blood hardly moving at all, 


are ſo ſenſibly cold. But do bodies grow hot by 


rubbing, by means of that fire only, which they 
contained before they were rubbed ? Or do they 


receive an addition of fire from the ambient 


ſpace, which is as it were attracted by the fricti- 
on? This ſeems to be the caſe, becauſe fire paſſes 
ſo eaſily from one body into another. As alſo 
becauſe the denſer a body is, ſo much the longer 


it retains fire, and the rarer it is, ſo much the 


ſooner it loſes it. Thoſe bodies that burn, do it 
not with their own fire alone, but alſo with that 
which they receive from elſewhere. 

$. 807. If among the bodies rubbed by fric- 
tion, F. 805. any kind of liquor is poured, as 
water, oil, tallow, or fat of any kind, heat will 
hardly be produced, at leaſt ſuch as is not to be 
compared with the former. Hence it is that the 
axis of all wheels, whether of carriages or ma- 


chines, are anointed with greaſe. For theſe "mn 
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fill up and remove the aſperities of the ſurfaces. 
And becauſe being daubed upon the ſuperficies, 
they hinder their mutual contact, and lubricate 
the motion of the bodies upon one another; 
hence but ſmall trembling is excited in the parts, 


> that ſcarcely excites the latent fire. 


$. 808. If bodies of the ſame matter are like 


| 2 and equal to one another, and are painted or 
* tinged with theſe colours, white, red, yellow, 


green, blue, purple; or if they are black, and 
alike expoſed to the ſhining ſun: then thoſe that 


| are white will be hot leaſt and ſloweſt, thoſe that 


are coloured will be more and ſooner hat, the 
heat increaſing according to the order of the co- 
lours abovementioned, ſo that the black ones will 
be moſt and ſooneſt hot. This appears in all 
kinds of cloth, which when wet and black will 
dry much ſooner than white. Black walls in 
gardens are much hotter than white ones. Black 
earths are much hotter than white and bright 
ſands. In the focus of a burning glaſs, whether 
refracting or reflecting, black bodies are much 


ſooner ſet on fire than white ones. Sparkles 


ſtruck from flint and ſteel ſoon communicate fire 


to black and burat tinder, but not to white lint or. 
' rags. A black coal of wood, or charcoal, may 
be eaſily ſet on fire, when the ſame while it was 

wood could not be burnt but by a great fire. 


'$. 809. Black bodies are thus eaſily made hot, 


becauſe blackneſs conſiſts of very minute parts, 
| which are moſt eaſily put into motion. Then 
* beſides, the fire that falls upon them ſuffers very 
many refractions, by which it is entangled and 
= retained among the parts, and very little reflected 
from thence. Now a dark blue colour nearly 


approaches to a black, and therefore abſorbs and 
? keeps much fire, reflefting ſomething more light 
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back again to that which falls upon it. And be- 
cauſe bodies ſend back ſo much the more light, or 
fire, as they are indued with a bright colour ; 
hence white bodies leaſt of all grow hot, red bo- 
dies ſomething more, orange more ſtill, then 
ellow, green, blue, purple, violet-colour, and 
k moſt of all. 
$. 810. Black bodies, to the light, 
hardly reflect any of it back, but abſorb it all 
into themſelves. Hence it is that they grow hot 
ſo much and ſo ſoon. This is proved by the 
burning-glaſs, which when covered with the 
black ſmoke of a lamp, and then expoſed to the 
ſun, ſends no light to the focus, nor rarifies the 
Thermoſcope placed in it. But the ſpeculum it- 
ſelf ſoon grows hot. Mr. Boyle made a large 
burning ſpeculum of black marble, but though 
he oppoſed it for a long ſpace of time to the 
ſcorching ſun, he could never ſet on fire a piece 
of wood, which he placed in the focus. But 
white bodies return back almoſt all the light of 
the ſun ; and therefore burning ſpecula are made 
with white metals with moſt ſucceſs. White 
earths hardly grow hot by the ſun, but they heat 
the air very much, into which they return the 
light. This the iſland Ormus informs us, which 
has very white mountains; theſe reflect all the 
light that falls upon them, almoſt inflaming the 
circumambient air. 

F. 811. If the rays of the ſun fall upon a con- 
cave, ſpherical, and burning ſpeculum, they will 
be reflected back, and form a cone, whoſe baſis 
is the ſuperficies of the ſpeculum, and whoſe ver- 
tex is the focus, which will be diſtant more or 


leſs from the ſuperficies, according to the different 


magnitude and curvature of that ſphere, of which 
the ſpeculum is a portion. This focus * 
al 
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all the rays and all the fire that falls upon the 
ſpeculum; this focus vaniſhes in a moment, as 
ſoon as the ſpeculum is covered, or turned away, 
or a cloud obſcures the ſur: * 1 

$. 812. Since therefore ſo great a quantity of 
pure fire collected together is ſo ſoon diſſipated, 
and leaves no footſteps behind it, it appears that 


fire cannot ſubſiſt without ſomething to ſupport it, 


and upon which it may feed Therefore the ſun 
and fixed ftars cannot conſiſt of pure fire, for then 
they would vaniſh in a moment; but theſe lumi- 
naries muſt be very large, ſolid, and permanent 
bodies, that retain and feed fire, like the fire-ſtones 
upon our earth, and other ſtones mixed with com- 
buſtible matter, which when once made intenſely 
hot, will continue ſo for a long time. Alſo the 
ſpots in the ſun, and the changes among the fixed 
ſtars in reſpect of brightneſs, directly prove the 
ſame thing. | | 
F. 813. Burning ſpecula that are cold reflect 
more rays of the ſun than when they are hot, as 
we may gather from the effects produced in the 
focus. And therefore for the tame reaſon they 
burn more vehemently in winter than in ſummer. 
For hot metals have larger pores than cold, and 
fire more eaſily penetrates into their enlarged pores. 
Beſides the rarified parts of hot metals are leſs 
elaſtic, and therefore not ſo fit for reflecting the 
rays as when cold. And in hot weather very ma- 
ny exhalations ariſe from the ground, which fill 
the atmoſphere, and ſomething hinder the paſſage 
of the ſun s light. hs e 4 2 
$ 814. The effects of burning; glaſſes are very 


ſurpriſing, eſpecially of large ones, which col- 


many rays of the {un into their foci. For im- 


8 mediately in the focus any metal is melted, or 
ſemi- metal, and then is calcined, and atterwards 
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converted into glaſs. Gold itſelf is turned into 
ſmoke, and into blue glaſs, which cannot be done 
by any terreſtrial fire, except zinc be mixed 
with it. All ſtones whatever are preſently vi-, 
trified, and combuſtible matter is ſet on fire in the 


twinckling of an eye. But here I ſhall add ſome. 


particulars, which have been found 'out by Mr. 
Villet's burning-gleſs. Clays, ſand, marble, jaſpire, 
porphyrites, ſtones made uſe of for iron furnaces, 
crucibles, flints, bones of animals, pumice-ſtone, 
common bricks, blood - ſtone, 22 chalk, 
gypſe, plumbago, or clinkers of a ſmith's fire, when 
put in the focus, all of them melt and are changed 


into glaſs; and that how ſoon! according to the 
obſervation of that expert philoſopher Dr. Deſa- 


guliers, a red piece of an ancient Roman patera 
began to melt within 3 ſeconds, and when melted 
was reſolved into drops in 100 ſeconds. A piece 
of Pompey's Alexandrine column was converted 
into glaſs after 30 ſeconds. A copper ore, which 
ſeemed to have no metal in it, was changed into 
glaſs within 8 ſeconds. A human calculus cal- 
cined in two ſeconds was turned into liquid glaſs, 
which dropped within a minute. Aſbeſtus, which 
is not combuſtible in a terreſtrial fire, by T/chirnbu/e 
was turned into glaſs of a yellowiſh colour. 

F. 815. In the focus ſo great are the effects; 
but within the focus, where the fire is four times 
rarer, though in as great a quantity, a man's hand 
feels no more heat than what is tolerable. Is it 
therefore, becauſe fire meeting with fire increaſes 
it's action in the higheſt degree, and not accord- 
ing to it's quantity? For this ſeems to be the caſe, 


though how this is performed we cannot appre- 


hend, from any analogy of the operations ob- 


ſerved in bodies. The rays of the ſun collected 


into a larger focus, by means of a large burning- 
| 88 glaſs, 
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glaſs, do not produce any great effect; but when 
by a ſecond | 


ſome of them are reflected by the glaſs. Experi- 
ments made with the pyrometer ſhew the ſame 
thing. Now from the ſame cauſe a great heat 
will deſcend into vallies, much exceeding that 
upon mountains, as Netletou has obſerved in 
Great Britain*, and afterwards the ingenious 
Galeatius , upon the top of the very high moun- 
tain Cimon, which is one of the Alpes. For the 
rays being turned back by the ſides of the moun- 
tains into the vallies, meet laterally the rays that 
are directly ſent hither, and then reflected; whence 
muſt ariſe a very great heat, greater than could 
proceed from the quantity alone. Becauſe the 
more ſolid bodies are more capable of receiving 
fire than the rarer, the denſe air in the vallies may 
be hotter than that which 1s rarer, at the tops of 
mountains. 


$. 816. If the rays of the ſun are collected into 


4 a focus, after they have paſſed through a great 


burning-glaſs of four feet diameter, they produce 


theſe effects; they ſet fire to any combuſtibles, 


and melt metals, but do not change them into 


glaſs: ſo that the action of theſe rays is much 


- weaker, than of thoſe that conſtitute the focus of 
a a ſpeculum of the ſame magnitude. 


$. 817. But when the focus is contracted ly 


means of a ſecond lens, the force of the rays in- 
- creaſes; for in this contracted focus combuſtible 
bodies are burnt, though ever ſo wet, nay in the 
very middle of water; and the inward heart of 


the wood plunged in water, is conſumed ſooncr 
than the outward bark, which is preſently extin- 


* Philoſ. Tranſat, No. 388, > Comm. Bonon. p. 104. 
D 2 guiſhed 


aſs they are collected into a ſmaller. 
focus, they operate much more violently, although 
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guiſhed in the water. All metals laid upon a 
coal or earth of porcelane, are turned into glaſs. 
Stones are alſo melted and vitrified. Gems loſe 
their colour, and are reduced into powder. All 
kind of vegetables are firſt turned into aſhes, and 
afterwards into glaſs. Salts paſs into ſpirits, ſuch 
as no terreſtrial and artificial fire can procure. 
All which is manifeſt from the experiments of 
Tſchirnbuſe, Homberg, Geoffroy, and chiefly of 
Hartſoeker, which J have alſo made, along with 
this famous philoſopher. 

$. 818. From theſe experiments it appears, 
that there are no terreſtrial bodies that are abſo- 
lutely fixed ; for whatever 1s expoſed to the focus 
of a burning: glaſs or ſpeculum, becomes volatile: 
But the chemiſts call that a fixed body, which re- 
fiſts the action of fire and air, as not to be atte- 
nuated by them, or carried upwards, but always 


remaining in the ſame condition. And that is 


called volatile, whoſe parts are carried upwards 
by the fire or air, the groſſer parts remaining be- 
hind. But in the focus there ſeems to be no 
change communicated to the air, perhaps becauſe 
it does not reſiſt the fire, but is immediately dri- 
ven out of it's place. For there can be no action 
where there is no reaction or reſiſtance. 

$. 819. The light of the moon, or of the pla- 
nets, being collected together by means of the 
largeſt ſpeculum or burning-glaſs, and condenſed 
in the focus, ſhews no tokens in the fineſt Ther- 
moſcope, of the fluids being ever ſo little rarified 
or condenſed. So that no ſenſible heat or cold, 
by any art hitherto known, is found in the focus 
of the lunar rays; as Hooke, de la Hire, Villet, 


Tjchirnhuſe, have proved by experiments made for | 


this purpoſe. This ſufficiently overthrows the 


opinion of Paracelſus, Helment, and others, who | 
have 
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have imagined that the rays of the moon are cold 
and humid. 

$. 820. This inefficacy of the focus is owing 
to the great rarity of the lunar light, and not be- 
cauſe the light is without it's power of warming. 
For this light is darted from the ſun to the moon, 
and from this again it is reflected to the earth. 
According to ſome experiments of Bonquerius *, 
the denſity 
be to that of the ſun, as 1 is to 300000. But the 
burning-glaſs of Paris, made uſe of by M. de la 


Hire, condenſes the rays only 306 times; ſo that 


the light of the moon, condenſed by the ſpecu- 
lum, was almoſt a thouſand times rarer than the 
light of the ſun ſhining upon the earth. Hence 
it is no wonder, that the Thermoſcope in the fo- 
cus of the moon's light ſhould not be at all 
affected. | 

$. 821. If therefore the moon's light makes 
no alteration in a Thermoſcope ſo eaſily moved; 


what ought we to think of that influence of the 


moon, or of the planets, which by the aſtrologers 
is fancied to be the cauſe of many terreſtrial 
effects? Nothing ſurely can be more vain than 
all their doctine. 

§. 822. Furthermore, fire is collected in bodies, 
which when committed to the open air begin to 
rot, or to ferment; as appears in the putrifying 
bodies of animals, as alſo in moiſt hay heaped up 
together, and in fluids, and thin paſtes made of 
meal. Fire is alſo collected, as often as two bo- 
dies of a certain texture, fluids with fluids, or 


fluids with firm bodies, are mixed together and 


grow hot. For ſome of theſe do not only begin 
to grow warm, but are even hot, nay burn with 


2 Eſſay ſur la Gradation de la Lumiere, Sect. 1. $. 7. 
a vivid 
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a vivid flame. Filings of iron, with an equal 
quantity of ſulphur, kneaded into a paſte with 
water, being lightly covered with earth, in a 
ſhort time grows hot, then breaks out into flame. 


Let filver be diſſolved in aqua fortis, and then 


precipitated by vinegar, and dried ; this mingled 
with calx of pewter ſoon makes an efferveſcence, 
grows hot, is inflamed, and ipreads a ſulphureous 
odour around. Regulus of antimony mingled 
with mercury ſublimate ſometimes takes fire. 
Diaphoretick antimony vehemcatly burned with 
black ſoap in a covered crucible, and then ſuffered 
to cool, grows hot as ſoon as expoſed to the 
air, and takes fire with a crack *. Geoffroy's ſpirit 
of nitre mingled with all the oils of plants, be- 
ing good and newly diſtilled, ſuddenly burſts out 
into a lively flame. In our commentaries upon 
the Florentine eſſays we have enumerated a great 
number of ſuch bodies as excite an efferveſcence, 
and collect fire. Now theſe collections of fire ariſe 
only from the mutual attrition of the parts upon 
one another. | 

§. 823. Whatever body can long nouriſh and 
ſuſtain fire, when once excited, or can encreaſe 
the ſame, is called the pabulum or aliment of fire; 
though in the mean time 1t's parts are attenuated 
and expelled by this action, and ſo are conſumed 
as it were, and finally vaniſh. | 

$. 324. Pabula of this kind are all oils produced 
out of the earth, as petroleum, oleum terræ, 
rapatha, ambergriſe, amber, ſulphurs, fire-ſtones. 
Then all the oils of vegetables, expreſſed from 
any of their parts, or by diſtillation or fermen- 
tation reduced to ſpirits ; reſins either natural or 
artificial; coals, Then all the oils of the parts 


2 L' Hiſtoire de T Acad. Royal. An. 1736. 
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öf animals, whether they are found under the 
fofm of fat or tallow, or whether they are gather- 
ed by art from the ſolid or fluid parts, ſuch as 
phoſphorus. | Rp ogy) 
F. 825. But all terreſtrial fire ſtands in need of 
nutriment, nor can it continue by any means ex- 
cept it is fed, When this aliment feeds fire, it 
"acquires parts moſt vehemently moved by the 
fire, and mutually rubbing one another, and their 
attrition and motion being encreaſed by their 
elaſticity, they perpetually collect new fire, ſo 
much the more copiouſly as they are more elaſtic. 
Therefore neither water, which is not elaſtic, nor 
ſalts, nor earths, can be the aliment of fire, bur 
only oils. The parts of theſe, which are much at- 
tenuated by fretting, and ſeparated from the reſt 
of the maſs, fiy off inſenſibly, and ſo the aliment 
is conſumed. 

F. 826. But the other groſſer parts of the pa- 
bulum, being forcibly plucked away by the fire 
from the remaining maſs, being aqueous, ſaline, 
oily, earthy, conjoined with but little fire and 
flying away, become a ſenſible elaſtic fluid, com- 
poſed of the aforementioned parts, which we call 


ſmoke. This gathered under the form of ſoot, 


and re- expoſed to the fire, may nouriſh it again till 
itſelf is rarified. 

S. 827. But theſe ſame parts, in greater quanti- 
ty and conjoined with a more copious fire, made 
red hot and volatile, and leaving the reſt of the 
maſs, conſtitute that which we call fame. There- 


fore ſmoke is very near flame, and is eaſily con- 


verted into it, en a greater quantity of fire 
be preſent. ence with the ſmall flame of a 


* 


Iighted lamp we are able to raiſe a plentiful ſmoke 
rom a heap of matter. 
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$. 828. Every flame is ſurrounded by an at- 
moſphere, whoſe parts are chiefly watry, drove 
from the middle to the extremities by the force 
of the fire. This atmoſphere is ſo much the 
farther expanded about the flame, as the pabulum 
is more aqueous. If we would unite the flames 
of two candles, the atmoſphere of each very 
plainly appears, avoiding as it were this conjunc- 
tion. For the parts of each are moved by an 
oppoſite motion, from the centre of the flame 
towards the circumference. Beſides the ingenious 
Heoocke has taught us *, how it may be ſeen by 
help of a concave ſpeculum. | 

$. 829. Flame aſcends upwards, becauſe it 
ſwims 1n the air, and the air's ſpecifick gravity 
1s greater than that of the burning parts, which 
are commonly rarified by a copious fire. 

$. 830. Allo flame is of a conical figure, ad- 
hering to the pabulum by it's wide baſe, and 
ending in a ſharp top, from whence the ſmoke 
ſhes away, if any be there; that is, if the pabu- 
lum collected in a veſſel is on fire. For where 
the flame adheres to the pabulum, the parts in it 
are molt copious ; it expels many of them on all 
ſides from every one of it's lateral points, ſo 
that but few remain to aſcend higher. Where- 
fore if by the help of a ring, through which the 
flame may pals, we obſtruct the loſs of the late- 
ral parts, a greater quantity. aſcends upwards, and 
a longer fame is thereby made. Yet the flame is 
not hotteſt at it's baſe, nor at the top, nor in the 
middle; but if we look upon it, we ſhall ſee the 
loweſt part to be darkeſt, a whiter follows, which 
is arched at it's upper part; this is the hotteſt ; 


there tollows a leſs bright and long apex, which 


1s leait hot of all. 


* Cutlerian Lectures. 


S. 831. 
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$. 831. The purer the flame is, riſing from a 


more homogenous pabulum, and ſmoking but 
little, ſo much the more vehemently it heats bo- 
dies. Therefore the flame of alcohol moſt of 
all heats thoſe bodies to which it is applied. For 
the ſmoke of other flames, adhering to the bo- 
dies, greatly hinders them from being ſo much 
heated by the flame. This we are taught by 
many experiments made with the Pyrometer. 


$ 832. If a flame is ſurrounded by another 


flame, as that of alcohol may burn in the middle 
of the flame of oil, then there are two fluids, 
one of which ſwims in the other. Therefore 
the middle flame acquires a figure which ap- 


proaches towards a ſpherical, as a drop of oil in 


the middle of water. 


$. 833. A fire being lighted in a terreſtrial 


| body, whether it be in the form of a live coal or 
| of a flame, it will want aliment for it's preſerva- 
tion; and that it may ſucceed well with it's ali- 


ment, and the fire be preſerved, it is requiſite 
that the air of the atmoſphere may have free ac- 


| ceſs to it, and may preſs the pabulum with it's 


own force, neither greater nor leſſer ; alſo that 
the ſmoke, and the uſeleſs parts of the aliment, 
may be removed far from the fire, tor otherwiſe 


the pabulum cannot feed it. 


For if a burning coal of any dried wood, or 


of Holland turf, a lighted match, lighted odori- 


terous candles, alſo a wax candle, a tallow candle, 


a lamp furniſhed with linſced- oil, or rape-oil, or 
dil of turpentine, or any other diſtilled oil, or 


ſpirit of wine; if any of theſe ſhould burn in a 


| veſſel, that will not allow free ingreſs to the air, 
they will be extinguiſhed in a few minutes; and 
the ſmaller the veſſel is, the ſooner they will be 
extinguiſhed : As likewiſe, how much the cloſer 


the 
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the veſſel is ſtopped, and the ſmoke hindred 


from going out; ſo the more ſmoke the burn- 


ing body yields. Again, the leſs quantity off 
ſmoke is let out, ſo much the more ſuch a body 
will feed the fire, as may be obſerved in a lighhted 
match, and in the coals of Holland turf. _ 

$. 824. All the enumerated bodies being light- Þ 
ed, and put under a large Boyleen receiver, from 
whence the air has been well pumped, will much | 


ſooner loſe their fire, than if the air had been left | 2. 


in the cloſed receiver. 


Alſo the ſooner the air is rarified, ſo much the- 


ſooner alſo will the fire be out. 


$. 835. If all the ſame things on fire are ſhut | | 
up in a large receiver, into which freſh air is per- 


petually infuſed, and ſo the whole maſs of air is þ 


condenſed ; they will preſerve their fire ſome- Þ * 
thing longer, than when left in the ſame air; yet! 


however they will be extinguiſhed. For more ſee Þ 
Mr. Boyle *. | 

$. 836. Wherefore that the pabulum may be! 
proper for nouriſhing the fire, it is required that Þ 
it may not be preſſed too little or too much by 


the incumbent air, as alſo that the ſmoke may 
be removed from it. Therefore there will be! 


in it ſome parts, which are very unfit for main- Þ 
taining fire; theſe are chiefly watry vapour, alſo Þ 
ſalts, and earths. | £ 

$ 837. How much the free acceſs of the air 
is wanted, may appear from what follows. If a 
glaſs recipient, whoſe capacity is 95 cylindrical Þ 
inches, be ſet upon a plain table, and ſhall have a 
round aperture above, whoſe diameter is 2 inches; 
a burning tallow candle whoſe diameter is half an 


inch ſhall continue to burn with a bright flame, Þ 


till all the pabulum- is conſumed, Nay, when | 
® Continuat. 11. Emper. phyſic. mech. art. 7. | 
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the ſuperior aperture of the ſame recipient was + 
of a ſquare inch, it continued burning, but not 
with ſo bright a flame. The aperture being di- 
miniſhed ſo as to be , of a ſquare inch, the flame 
was extinguiſhed in a minute. It continued a few 
ſeconds longer, when the aperture was made # of 


2 ſquare inch. But being made + of a ſquare inch, 
it went on to burn with a ſmall dim flame, 
that hardly liquified and conſumed the pabulum. 

„The thin flame of a wax candle continued to 
burn, but hardly emitted any ſmoke, having only 
ga a ſmall aperture of half an inch ſquare. As ſoon 
* as this was diminiſhed the flame decreaſed, and 


was ſoon. extinguiſhed, when only an aperture of 
{, of a ſquare inch was left. 
A flame being raiſed in a very fine cotton, 


whole pabulum was alcohol ; the flame continued 
only for 2 minutes, with an aperture of 3 of a 
> ſquare inch, and then went out. But when a 


greater flame was made, it hardly continued 10 
ſeconds. 


So that the flame of any pabulum whatever re- 


quires a free acceſs of air, which will farther ap- 


pear from the following experiments. 
If a tallow candle of ſuch a magnitude of 


which they ſell eight to the pound, be put into 
an iron cylindrical tube, ſnut below but open 
above, having a length of 6 feet and a diameter 
of an inch; this burning at the bottom will be 
extinguiſhed in a ſhort time. 


If an iron barrel of a gun be open at both ends, 


and through an aperture at the top be made 
do paſs into a large Boylean receiver almoſt to the 
bottom, and in the receiver there ſhall be a burn- 
ing candle; by means of the pump let the air be 
gently exhauſted out of it, ſo that freſh air may 
enter continually ; which that it may not ruſh 
in too violently, and by making a wind blow 
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out The candle, let it paſs through three threads 
of cotton ſtretched over the upper part of the 
tube: the flame will then be extinguiſhed in a a 


few minutes, as the learned Dr. Hales has found a. 


$. 838. Hence we may underſtand, why a cu- | 
linary fire does not burn ſo well in hot weather as 


in cold. 
For the air is hot, rarified, and leſs elaſtick, and 


therefore preſſes leſs upon the parts of the pabu- 
lum of fire, than cold air which is much more 


elaſtick. 
If therefore the ſun by it's heat ſhould very 


much rarify and heat the air, which furrounds a | 
burning coal, will this air be then able to drive | 


the pabulum towards the fire ? It will be hardly 


able to do it, and therefore the ſun by it's ſplen- | ? 


dor will ſeem to extinguiſh the coal. 


$. 839. But may not certain particles be re. 
quired, which ſwimming in the air, and hitherto Þ 
unknown, mult concur to conſtitute the flame of 
other bodies? This is not without probability, if! 
we conſider the experiments mentioned F. 837. Þ 
and made 1n wr veſſels. For in thoſe neither a4 
too great rare faction of the air, nor it's too great Þ 
or too little preſſure, nor the ſmoke hindered Þ 
from going out, can be there alledged, but only 


a confumption of thoſe parts in the air, whoſe 


preſence was neceſſary to ſupport the flame. Now Þ 
let us conſider ſome other things, which ſhall be 


propoſed in the form of queſtions. 


§. 840. Why is a burning coal ſuffocated and er-. 
tinguiſhed, when plunged into cold ſpirit of wine, in 
the ſame manner as if it was water, nor does it in- 
flame the ſpirit ? Becauſe the ſpirit cannot be fui- Þ 
ficiently heated to take fire, For if the ſpirit Þ 
were firſt heated upon the fire, it would then 


ſoon be inflamed by the burning coal. 
2 Vegetable Staticks, experiment 115. 
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1 expelling a great quantity of the fluid, 
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2. Why does a blaſt of a certain force increaſe 


| the power of the flame of the fire ? Becauſe the 


flame being rarer is condenſed by the blaft into a 


3 ! narrower ſpace. Hence a denſer fire will have a 


greater force ; which alſo obtains | in the cloſer 


Ez focus of a burning-glaſs. 


*, Why does a greater blaſt blow out the flame? 


} Becauſe it drives away from the pabulum either 


all, or the greateſt part of the fire. 


= 4: Why does water, toben ſcattered all round 


with the greates violence, and divided into very lit- 


le drops like vapour, blow out the flame of houſes 


on fire ina moment? Becauſe it performs the ſame 


z thing as a moſt impetuous wind would do. 


O 
. 


does water increaſe the fire, when poured 
| upon the burning coals of a ſmith's forge ? It does it 
| in this manner. When a ſmall quantity of water 
is ſprinkled upon the coals that are every where 
on fire, then the fire is drove from the upper 
part to that which the water does not reach. 
* Juſt as a long iron bar, which is hot at one end 


and cold at the other, as ſoon as the hot end is 


plunged in water, it will grow hot at the cold 
end. 


6. Does fire collect homogeneous things, and ſe- 
parate thoſe that are heterogeneous, as was the opi- 


nion of the Peripateticks ? Not always. For it 


| mingles ſeveral things when melted, as tallow, 
wax, pitch, reſin : alſo it mingles all metals one 
with another, when melted by fire. 


7*. How does fire ſoften ſome things, as wax ? By 


- | removing their parts from one another, which the 
more they are removed, the ſofter the maſs will 


be; till at laſt being totally diſſolved, they ſwim 
as it were in the fire. 


89, How does fire harden other thin?s, as clay? 
which 
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which is interpoſed between the parts, ſo that the 
ſolid parts may touch one another by broader ſur- 
faces, and will have a greater quantity of co- 
herence.,/: i 1 2-44 9 

9. How does fire dry moiſt things ? By joining 
itſelf to the aqueous parts, by rarifying them, 
and by ſeparating and driving them from'the reſt 
of the maſs, which has a greater coherence, 


10. Why do ſome: things ſhine which are hardly 


hat, and others not ſhine which are much hotter ? 
Becauſe they drive out the fire from them, not 
in right lines, but by a crooked and diſorderly 
motion. And we cannot ' perceive light, unleſs 
when it ſtrikes upon our eyes according to right 


11*. Why is the flame of a tallow candle akuays 
ai ſome little diſtance from the candle? Becauſe the 
tallow is cold, nor can it burn unleſs when melted 
and heated beyond 600 degrees. Hence that di- 
ſtance. For between the tallow and the flame of 
the candle, many degrees of heat intercede. 

12. hy does the cotton grow black, after it has 
burned ſome time in the flame? Becauſe it compre- 
hends both it's own coal and that of the tallow : 
as evidently appears from burning lamps which 
are fed with oil. 3 

13%. Why is a candle, which has burned ſame 
time and is then extinguiſhed, more eaſily lighted 
again than a new one? Becauſe the cotton, which 
is now become black, preſently abſorbs the fire 
into itſelf ; whereas the white cotton repels the 
fire from it, by F. 808. 

14*. What is beat in bodies? A certain quantity 


of fire in motion in the interſtices of the parts, 
and concealed in the pores of the particles. And 
therefore bodies are ſo much the hotter, as they 


contain more fire in motion. 


15*, When 


NATURAL PHILOSOPHY. 
. When do wwe diſcover bodies to be hob by our 


ects ? When there 1s-more fire in motion in the 


bodies, than in the nerves of our organ of touch; 
or in their fluid. Hence we judge the ſame-body, 
goed af the fame degree of heat, ſometimes to 
be warm, ſomctimes to be hot, and ſometimes 


f to be cold, according to the different ae 
K the organ of the ſenſorium. 


165. IWhat is beat in us? A perception of the 


mind, raiſed. by a certain motion of fire, which 
is excited, in the nerves of the organ of touch, 


or in their fluid. 


' 17*. Bodies that are made hot, and tied or laid - 
upon cold bodies that are ſolid and large, why are 
| they extinguiſhed without conſuming the pabulum ? 


But the ſame being laid upon bodies that are rare and 


© ſmall, why are they entirely conſumed ? The firſt 


happens, becauſe the fire cannor ſufficiently ſhake 


and attenuate the parts of the pabulum, ſo as 
that it may become it's nutriment; their motion 


being preſently ſuffocated by the parts of the o- 


ther ſolid, or at leaſt being too much diminiſhed. 
This will not obtain when the body made hot is 


put upon the other rarer body. : 
18*. Is fire a body of it's own kind, or may other 


| bodies alſo be converted into fre? It ſeems to be a 


body of it's own. kind. Firſt, becauſe we know 


no other body ſo ſubtile. Secondly, becauſe it 


equably 9 6 itſelf through all bodies and 


(paces. Thirdly, by no experiment it appears, 
that fire converts other bodies into fire, though 


they may be it's aliment. For the focus of the 


ſun's rays, which is moſt pure fire, cannot be 
| ſeen. But the flame of burning alcohol is clearly 
perceived, and produces effects which are very 


imall, in reſpc& of that focus: and therefore that 


fame is not pure firs. Nay, if it burn in a glaſs 


receiver, 
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receiver, much vapour will be collected by th: | 
fides. Alcohol being agitated for the ſpace of | 
two hours in Papin's digeſter, by no means could 
be converted into fire. Fourthly, if bodies could 
be converted into fire, it's quantity would in. 
creaſe upon earth, ſo that at laſt the whole world 
i would become fire, and all things muſt periſh, ſince 
fire is wanted only in a determinate meaſure, for | 
i the vegetation of plants, as well as for the life of | 
5 animals. But the doctrine of fire affords ſo am- 
ple and fruitful a field, that there would be no 
end if we would treat of it at large. 
19%. Now what is abſolute cold in bodies ? The 
abſence of all fire, and therefore nothing poſitive, | 
20%. When do we perceive bodies to og cold? | 
When their parts are leſs moved by fire, than our 
nerves, or their fluid. 
215. Therefore what bodies refrigerate ? Such as 
can expel fire from others, or reduce it to reſt | 
with the parts of bodies, or to leſſer motion. 
i This comes to paſs when we mingle water with! 
ji volatile alcaline falts, and others, as nitre, ſal poly- 
ll, chreſtum, vitriol, ſal gemmæ, ſea-ſalt, alum, and 
ll chiefly ſal ammoniac, or it's flowers. Alſo if with 
ſnow, or ſlices of ice, we mingle any of the afore- Þ 
mentioned ſalts, or ſalt of tartar, pot-aſhes, ſacca- 
rum ſaturni, borax, Glauber ſalt, ſugar, fel vitri, 
quick-lime, ſouda : with all which things the in- 
duſtrious Mr. Reaumure made very accurate ex- 
periments, by help of a Thermometer ſhewing 
ll the degrees of the cold that was excited; and 
Ll likewiſe Mr. Noler ®. Alſo cold may be pro- 
Il cured, if to ſnow or ice be poured ſpirit of Þ { 
| wine, of ſea-ſalt, vitriol, vinegar, ſpirit of fal 
ammoniac, and of urine ; but eſpecially if ſpirit Þ \ 
= L'Hiſt. de P Acad. Royal. An. 1724. 
> Philoſ. Tranſ. N. 449. * ; 
\ | 3 0 
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| | of nitre be poured to it, for then a terrible de- 


gree of cold will ariſe, which is 72 degrees below 


the mark of freezing in the ſcale of the Thermo- 
meter of Fabrenbeyt. If there be taken vinegar, 
7 ſpirit of vinegar, vinegar of verdegreaſe, omphaci- 
um, juice of citrons, or of oranges, and if any 
one of theſe fluids be mingled with the pureſt 
volatile alcali, ſuch as is the volatile ſalt of hu- 


man blood, urine, harts-horn, Sc. there ariſes a 


great efferveſcence with a notable degree of cold, 


| as the learned Dr. Slare has found *. And after 


> him ſeveral chemiſts have confirmed it *. Oil of 
vitriol, or ſpirit of nitre, poured upon ſal am- 
* moniac, have produced the ſame effect. 


22% Therefore does not all cold depend upon frigo- 


* rific particles, that expel fire, and ſucceed into its 
Place; as Gaſſendus, Boyle, de la Hire, Ramazzini, 
and Nieuwentiit have thought? Not all: for it is 
* ſufficient that fire, which always affects an equable 
' diſperſion, ſhould go out of a body that is hotter 
than thoſe about it, that this may be cold, though 
nothing elſe ſhould ſucceed in the place of fire; 
and fo generally bodies will grow cold. Though 
it cannot be denied, but that there are ſuch cor- 


. © puſcles, which on ſome occaſions expel fire out 


| | $. $41, 


well as of rarifying and heating bodies. This 


of bodies, and ſo may be called frigorific, as has 
been made appear in what goes before. 


%% Þ. AxVU. 
Concerning the general properties of light. 


E have mentioned already, that 
hre has the faculty of ſhining, as 


2 Philoſ. Tranſ. No. 159. 
* Boeriaave Chemiæ, Tom. 2. p. 533. 


Vol. II. E property 


49 


— — — — 


— _ _ . * 8 8 , — — — — " 2 _ a £ - 
— k — — -—— © PPP , 9 2 — 8 7 — . — — 8 
— — — . « 3 COS” — . — - 5 2 —— 1 "© 
7 — -- 2 — - Rt. — — — 2 — — - — — 
— — _ — — — - v2 — —_ . — — p : - = 
— — — — — — — — 


30 


"The ELEMENTS of 


property we ſhall briefly examine in ſome of * 


the following chapters. 


F. 842. Whatever gives occaſion to the mind 
to ſee, by the mediation of the eyes, is light; FI 
which either enters the eyes directly, as it is Þ? 


emitted by the ſhining body, or is reflected by 


illuminated bodies. By the help of light we ſee | 


ſhining objects, and objects that do not ſhine ; as 


alſo quantity, fhgure, place, ſituation, diſtance, 
continuity, ſeparation, motion, reſt, and colours, 


When light is abſent, we ſee none of theſe things. 
Now that we may ſee the things aforementioned, 
it is neceſſary that the eye ſhould be placed at 
ſome notable diſtance from the objects. 

§. 843. The leait ſhining ſpark may be ſeen at 
every point of the ſuperficies of a ſphere, in the 
center of which the ſpark is placed. A dark ob- 
ſtacle being interpoſed in the right line between 
the ſpark and the eye, the light cannot be ſeen. 
Wherefore it is ſeen as it were by rays, which are 
emitted from the center of the ſphere to all it's 
circumference. | 

$ 844. For this reaſon philoſophers have called 
that light, which is brought to us in right lines, 
rays of light. | 

§. 845. The ſubtilty of theſe rays is vaſtly great, 
and very nearly approaching to geometrical lines, 
For if a ſmall hole be made with a needle in a 
paper, a ſpectator lying.on his back, and looking 
through this, may ſee all the objects in the celeſtial 
hemiſphere. And when he ſtands upright, he may 
fee a Furth part of the heaven, together with all the 
bodies that are before him upon the ground. S0 
that an innumerable quantity of rays either emitted 
or reflected from objects, paſſing through a very 
ſmall hole, ſhews the extreme ſubtilty of light, 
ſuch as is not to be comprehended by the utmoſt 
ſubtilty of the human mind. Secondly, 

2 
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Secondly, if a common tallow candle be lighted, 


and ſet by night on the top of a high tower, it may 
be ſeen all round at the diſtance of half a mile 

from the tower. Wherefore there is no place 
within a ſphere of a mile diameter, in which the 

eye can be placed, where it will not receive a ray 
of light from this little flame. All theſe rays 
were before concenter'd in the flame, which as it 
is exceeding ſmall in reſpe& of the ſphere that 

is illuminated, it proves the immenſe ſubtilty of 
the rays of light. 


Thirdly, light alſo paſſes through the hors of 


2 diamond, of gems, and of glaſs, which are ſo 

very minute, as that hitherto they have not been 
perceived by the beſt microſcopes. 

. 846. The length of ſhining rays is almoſt 

infinite. For they are not only extended from 
the ſun to the earth, which are ſo far diſtant from 

one another, that a bullet ſhot from a gun with 


the moſt rapid velocity, could hardly meaſure 
this diſtance in 25 years; but rays are alſo ex- 


3 tended to us from the remoteſt fixed ſtars, the 
diſtance of which is vaſtly greater than the for- 


mer. . For ſince by Dr. Bradley's laſt obſervati- 
ons, the angle of the annual parallax is found to 
be not greater than one ſecond ; the diſtance of 
the fixed ſtars will be ſo great, that a cannon ball 
could not deſcribe ſt in leſs than 104166666636 
years. 

F. 847. Becauſe at this immenſe diſtance the 


; ſtars ſhine with a moſt vivid light, the ſtrength of 


the rays will be but very little if at all diminiſhed. 
Which can by no means be conceived, had not 
the rays paſſed through an empty celeſtial ſpace, 
which is not at all reſiſting, nor can it rellect or 


intercept light. 


E 2 §. 848. 
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$. 848. Becauſe light proceeding from a ſpark, 
or from any ſhining body, goes on in right lines, 
as it were from a center through the whole ambit 
of a ſphere, it muſt move in right lines that di- 
verge from one another. Some of theſe, as 
SA, SE, diverge more from one another, and 
others leſs, as SA, SB. 

$. 849. Becauſe of this divergency of the ſhin- 
ing rays, the denſity of light will decreaſe at a 
greater diſtance from the ſhining center, and that 
in a ſubduplicate ratio of the diſtances from the 
center. This is proved by a like demonſtration 
to that in F. 228. Alſo this may eaſily be de- 
monſtrated to the eye by many experiments, as 
well by means of the ſun's rays, as of thoſe of a 
candle. 

$. 850. Light is emitted from every ſhining 


body, and moves with prodigious velocity. 


From obſervations of the eclipſes of Jupiter's 
ſatellites, this has been demonſtrated by Romer. 
Let A be the ſun“, BCDE the annual orbit of 
the earth, F Jupiter, H GN the orbit of the in- 
moſt ſatellite, G the fatellite entring the ſhadow 
of Jupiter, H the ſame coming out of the ſhadow. 
If the earth being at B, the ſatellite is ſeen to come 
out of the ſhadow, after 424 hours a like emerſion 
will be again obſerved; and if the earth were al- 
ways to remain at B, within 30 times 423 hours 
zo emerſions would be ſeen. But in the mean 
time let the earth withdraw farther from Jupiter, 
and more to C; then if light requires any time 
in it's courſe, the emerſion of the fatellite will 
be obſerved later in C, than before it was ob- 


ſerved in B, and this muſt be added to the time of 


42% x 30 hours, which light requires in paſſing 


2 Hugen. de la Lumiere, c. 1. 
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over the ſpace MC, which is the difference of 
the ſpaces CH and BH. The obſervations of 
many years have ſhewn, that this time is very 
notable, even ten minutes or more. From whence 
we may infer, that light takes up the ſpace of 8 
minutes and 13 ſeconds, according to the cele- 
brated Dr. Bradley, to deſcribe the diſtance which 
is between the ſun and the earth. And though 
ſome inequalities of time may ariſe, from the 
excentricities of the orbits of the ſatellites, theſe 
cannot agree in all the ſatellites, nor in every ſi- 
tuation of the earth in it's orbit. 

Secondly, the later aſtronomers have diſcover- 
ed, that the fixed ſtars are ſubject to ſome aberra- Tab. 11. 
tions, the order of which cannot be repreſented Fig. 19. 
by the annual parallax, nor depends on retractions, 
nor on the nutation of the earth's axis; but may 
be eaſily and clearly explained, if a ſucceſſive mo- 
tion be aſcribed to light, from the fixed ſtars to 
the earth, and an annual motion about the ſun be 
aſcribed to the earth, as the moſt ſagacious 
Dr. Bradley has very elegantly demonſtrated * : 
whoſe doctrine remains unſhaken, notwithſtand- 
ing the difficulties ſome have raifed *. For to 
maintain the earth to be immoveable, and the ſun 
to move about it, from the authority of the fa- 
thers, at this day is only to make ſport in a ſeri- 
ous affair. Nor are thoſe paſſages of much grea- 
ter weight, which are fetched from the ſacred 
ſcriptures, and are either il] underſtood or per- 
verted, as has been long ago proved by many au- 
thors . 


2 Philoſ, Tranſ. No. 406. Smith's Optic ks. b. 4. c. 7. 

» Comment. Bonon. p. 627. Ex, 

© Velthuifius de quiete ſolis. Horrebovii Copernicus tri- 
umphans. 


E. 3 Thirdly, 


54 


The ELEMENTS of 


Thirdly, that light has motion may be Rill 
farther evinced by other arguments. For what 
elſe is light but fire, moving in right lines, and 
entering our eyes? But fire moves, as has been 
proved in the foregoing chapter. Fire adhering 
to bodies moves together with them, when they 
become volatile, as appears from hot va ark 
aſcending, and from hot ſmoke. Beſides all t 
that burn and ſhine are conſumed, and fail at laſt, 
which could not be done unleſs by the emanation 
of light and of combuſtible matter. 

Fourthly, do we not diſtinguiſh the beginning 
of lightning, and it's beams, and it's end, though 
the light moves exceeding ſwiftly ? K 

Fifthly, though the light of the ſun conſiſts of 
rays almoſt parallel, yet by means of a concave | 
ſpherical ſpeculum we can divert this paralleliſm, 
and make it converge to a focus; which depar- 
ture from it's former courſe could not be effected, 
without a motion of the rays. And that the rays 
are moſt vehemently moved appears from their 
moſt violent action. 

Sixthly, we can alſo ſeparate the rays of light 
from one another, as Ber with concave ſpheri- 
cal glafles, as with priſms, and direct the light 
to any place where it was not before. This could 


not be done unleſs light had motion, and darted 


from the ſhining body. 

Laſtly, in retra&tions through different medi- 
ums the rays of light are accelerated and retarded, 
and are thercfore moved. 

g. 851, Hence the doctrine of the moſt acute 
des Cartes falls to the ground *®, who conceive 
light as diffuſed through the univerſe, which was 
full of bodies, and pretended that it was preſſed 


s Nijoptr. cap. 1. 4. 3. & in epiſt. 17, par, 2. 
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by the ſhining body, by which preſſure it was 
perceived by the eye Dorfe at the other extreme 
of the ray, and therefore was not emitted. But 
according to this hypotheſis there could be no 
darkneſs; for as light is a fluid, it muſt be ſub- 


ject to the laws of fluids. But we may obſerve, 


if a fluid included in a veſſel is any where preſſed, 
that preſſure is propagated according to all directi- 
ons. So that whether the ſun continues above 
the horizon, or whether he ſets below it, if the 
eye were open it muſt be affected by it's light; 
which is contrary to all experience. 

$. 852. If we conſider with an attentive mind 
that vaſt rapidity with which the light of the ſun 
is moved, and the ſmall effects it produces upon 
the bodies it illuſtrates, we ſhall find another ar- 
gument for demonſtrating the vaſt ſubtilty of the 
particles of light. For ſince the ſun is diſtant 
from the earth 24000 of the earth's ſemi-diameters ; 
and the ſemi-diameter of the earth is 19613782 
feet, according to the meafure of ſome late 
geometricians *; the diſtance of the ſun from the 
earth will be 470788768000 feet. Theſe are de- 
ſcribed by light within 8 minutes and 1 3 ſeconds ; 
ſo that 98080993 3+ are deſcribed in the ſpace of 
one ſecond. A cannon ball ſhot off with the 
greateſt violence deſcribes 600 feet in a ſecond ; 
ſo that the velocity of light will be to that of a 
cannon ball, as 1634683 to 1 very nearly, Sup- 
poſe that ball to be of 10 pounds weight, or 
76800 grains; this weight multiplied by the 
ſquare of it's velocity exhibits it's force. The 
{quare of this velocity is 2672188510489. Where- 
fore if a particle of light had only ſo much weight 
as +3753 ir Part of a grain nearly, it would have 


Suite de Hiſt, Ge I Acad. An. 1719. part. 2. c.'5. 
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the ſame force as the cannon ball of 10 pound 
now mentioned. But this operates vehemently 
upon all bodies in it's way, deſtroying every thing 
it meets: and a particle of light would do 
the ſame, of the magnitude now mentioned. 
But ſince the light of the ſun, ſhining upon the 
very tender leaves of flowers, does not tear them 
in pieces, but only moves the juices lightly in 
them ; it will follow of courſe, that the ſubtilty 
of it's particles are vaſtly great, and almoſt infi- 
nitely leſs than the aſſigned part of a grain. Per- 
haps therefore the intire ray, extended from the 
ſun to the earth, will not be equal in weight to a 
grain. Wherefore the light emitted from the 
ſun through the whole planetary ſyſtem, by rea- 
ſon of it's immenſe ſubtilty, will give no obſtructi- 
on to the light of other ſhining bodies. 

$. $53. An intire ray of light, emitted from a 
ſhining body, conſiſts of light moving ſucceſſive- 
ly from ſpace to ſpace, and at the ſame time of 
other light contemporaneous to it. For an intire 
ray of light is like a bundle compounded of other 
little rays, each of which is endued with it's own 
immutable colour, all which joined together are 
united in the ſame ray. 

$. 854. Light is a moſt fluid matter, and there- 
fore like other fluids conſiſts of particles not co- 
hering with one another, and meeting with an 
opaque reflecting body, it is reflected according to 
any angle, and according to the ſame laws that 
other bodies are reflected, when they meet with 
an obſtacle, ; 

§. 855. When many rays of light reflected 
from different objects, paſs through a ſmall hole, 
and every one of them paint the image of that 
point of the object from whence they proceed, 
together with the colours of the object, upon any 

white 
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white plane that receives them; it appears that 
the light is not blended 1n this hole, nor con- 
founded with other light; nor does one fort of 
light diſturb the motion or direction of any other 
ſort. Whence the rays have as it were the per- 
fect rigidity and immutability of ſolid threads, 
ſtretched out from the object, from whence they 


are derived, to the plane that receives them. 


$. 856. Many things in this doctrine may be 
queried, the reaſons of which we can only attain 
by conjecture. Such are Ss, | 

Firſt, how do hght and fire differ ? Is it in ſub- 
ſtance, or only in the magnitude of their parts, 
or in the direction of their motions? Perhaps not 
in ſubſtance, nor in the magnitude of their parts, 


ſince a great quantity of light collected together 


has always the characters of fire. But fire does 
not ſhine, unleſs when determined to the eye in 
right lines. A ſilver ſpoon ſomething heated does 
not ſhine in the dark; but if you put diamonds 
or cryſtals into it, though they did not ſhine be- 
fore, yet they ſoon begin to ſhine, expelling the 
fire they had received under the form of light. 
They do the ſame thing, if thrown into hot 
water “. 
Secondly, can earthy bodies by diviſion or at- 


tenuation be changed into light? Perhaps at- 


tenuation alone will not ſuffice, but there is alſo 


required the ſame ſolidity, figure, mobility, and 
magnitude of parts, all which things if they 
could concur, then from not ſhining bodies they 
might become ſhining. But this ſeems not likely 
ever to happen, if we have regard to the proper- 
ties of fire, and to it's equable diftribution through 
all ſpaces and bodies: and if at the ſame time 


2 L' tft, de I Acad. Royal. An. 1735, 
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we n that bodies are not changed into 
fire. 5. 831. No. 18. 


Thirdly, how. is it that light proceeds from | 


ſhining bodies, as from the fun, or from a lighted 


coal? Is it not becauſe the ſolid parts 8 theſe Þ 


bodies, though removed from one another by 
light, approach to one another by their attracting 
force, and by approaching expe el the intercepted 
light, with ſuch velocity as we find it to be 
emitted ? The difficulty lies in the extreme rapi- 


dity of light. But the attracting force is a preſſing Þ | 
power, light is the obſtacle, and therefore by! 


§. 166. it is P=OC. Now P remaining the 


ſame, and O decreaſing, C will increaſe; ſo that 


it O becomes a quantity almoſt infinitely little, 


C is required to be almoſt infinitely great. But 
then how is light darted out of a flame, in which 


the foregoing reaſoning ſeems to have no place ? 


Fourthly, does light flow out of every ſhining 
body with the ſame velocity? This appears by no 
obſervation, and perhaps the difference of velocity 
is great, by which light is expelled from bodies, Þ 
according to the different force with which their 


ay attract one another. And yet it ſhould fol. 


ow from Dr. Bradley's obſervations, that light 
is projected from the ſun and fixed ſtars to the 


earth with equal celerity. 


Fifthly, when light is reflected by an opaque 


body, does it preſerve the ſame velocity after re- 


flexion, as that with which it was emitted by the Þ 
ſhining body? If the angle of reflexion is equal Þ 
to the angle of incidence, the light will have 
the ſame celerity. Dr. Bradley's obſervations ſcem 
to evince, that light ſent directly to us from the 


ſun, and that reflected by Jupiter's ſatellites, a- 
ways retains the ſame velocity. 


Laſtly, N 


NATURAL PHILOSOPHY. 
Laſtly, do not thoſe bodies ſhine moſt eaſily, 


which abound with oily and ſulphureous parts, 
as ſoon as they begin to move by friction, per- 
cuſſion, putrefaction, vital motion, or by any 
> other cauſe? For what reaſon does the ſea ſhine, 
when toſſed by the winds? or the back of a cat 
the neck of a horſe, when rubbed contrary to the 
natural ſituation of the hair? or wood, fleſh, fiſh, 
when rotten? the eyes of animals and glow- 
worms? Allo a glaſs ball in violent rotation, and 


rubbed by the hand, why does 1t emit a blue 


light ſticking to the hand? 


C.H AFP. XXVIIL. 
Of refrafted Light. 


b. 857. \ U THEN light emitted from ſhining 
bodies, paſſes either through emp- 
ty ſpace, or through any body whatever, either 
firm or fluid, it is ſaid to paſs through a medium: 
for ſo that is called whatever it is, that affords a 
paſſage for light. 
§. 858. It the medium be homogeneous, and 
every where of the ſame denſity; as ſoon as light 
has entered into it, it goes on in a right line from 
it's firſt point of entrance till it's going out, with 
whatever direction it began, as far as can be col- 
lected from obſervation. 6 
$. 859. If light paſſes out of one medium 
into another, which attracts it with a greater 
force, the velocity of light will be increaſed. 
For the medium acts with an attracting force 
upon all the particles of light in a direction 
towards itſelf, ſo that the light is carried to this 
medium partly by it's own velocity, and partly 


by that which it acquires by the attracting force, 


tor 
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increaſe, 


$. 860. If a ray of light is carried by a per- 
pendicular direction out of one medium into ano- 
ther, which is more attracting, it will paſs on in 


the ſame right line being produced. 


For let the medium be X, out of which the | 
ray RF is carried into a medium Z, which is | 
more attracting, whoſe ſuperficies is A B: from | 
this let an attracting force proceed, extended as 
far as CD, which acts in right lines perpendicu - 
lar to this ſuperficies, and the ſpace of attraction | * 


will be CDAB. Therefore the ray R F arriving 


at O, will be carried both by it's own motion, | 


and alſo by the attracting force, which acts in the 


'Fab. 11. 
Ng. 3. 


Tab. 11. 
Fig. 3. 


ſame direction OE, and will proceed in it's former 


courſe ROE, though now actuated by an acce- 
lerated motion. 

$. 861. But if the ſame ray of light is carried 
out of the medium X into the other Z by a di- 
rection ROK, which is oblique to the ſuperficies 
AB, it will depart from it's former courſe, and 
will enter another OF; which departure is called 
Refrattion. bf 

For as ſoon as the ray arrives at O, it is carried 
by a double motion, OK which is it's own, and 
OS by the attracting force; ſo that it will pro- 
ceed in the courſe OF, which is the diagonal of 
the parallelogram OKSF, by F. 357. 

$. 862, Becauſe OF approaches nearer to 
the perpendicular O'S, to the ſuperficies of the 
medium AB, than OK; it is a refrafion lo- 
wards the perpendicular, as often as the light falls 
upon the ſuperficies of a medium more attracting 
than that out of which it-came. 

$. 863. If the ray of light RO out of a me- 
dium more attracting, falls obliquely upon the 

ſuperficies 


for which reaſon the velocity of the light will | 
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ll FT qaperficies A B of a medium leſs attracting Z, it 

zs a refraction from the perpendicular. 

'- |: For if CD be the limit of a more attracting Tab. 11. 
medium X, operating towards A B, the ray RO Fig. 4 
going out of the medium X cannot continue it's 

* courſe ROK, for it is influenced more by the 
force of the attracting medium X than by Z, and 

is that in the direction MO; by which if it is 

M | moved by the quantity K L, while in the mean 


* * 


3 21 


as time it would be carried from O to K, being 
u- | © ated upon by this double motion it will tend from 
nf: OtoL. By going this way it will depart more 
3 from the perpendicular OM than OK. 

n, F. 864. Becauſe the attracting force, which 
ne proceeds out of bodies, is greateſt in their ſuper- 
er f ccies, and decreaſes as the diſtance is greater from 


eit, by F. 498. before the ray of light out of a 
rarer medium enters into a denſer, or out of a 


d denſer enters into a rarer, it will be carried in a { 
li- ſſmall curve line; and then being ated upon as 1 
es much as may be by the attracting force, it will 4 
1d purſue it's ſtreight courſe. 1 
ed For let the ray be Rr, which out of a leſs Tab. 11. | 


attracting medium is carried obliquely to the ſu- Fig. 5: 

ed perficies G G of a more attracting medium, and 
ad let the limit of attraction be MM, which attrac- 1 
tion acts in right lines perpendicular to the ſuper- 
of Þ ficies GG. Therefore the ray R A falling into 
the attracting force, will be turned out of it's 
to | way Rr into another Aaa. But arriving at b, 
he Þ which is nearer the ſuperficies G G, and being 
% more attracted, it enters into the way bb; from 
whence being carried to c, where again it is more 
DS Þ attracted, it will be carried in the right line cc. 
And ſince all theſe right lines a, b, c, are very 


e Þ ſhort, they will compoſe a curve. And as the 
he | attracting force is extended but to a ſmall di- 
ies | ſtance 
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ſtance from the ſuperficies G G, this curve will 
be a very ſhort one. For as ſoon as the ray en- 
ters the ſuperficies G G, it is no. longer turned 
out of it's way, as being now acted upon by the 
attracting force as much as can be, which is equa- 
bly diffuſed through the whole medium. In like 
manner a ray going out of a more attracting me- 


dium into another that attracts leſs, will be mov- Þþ 


ed in a curve, which will have a contrary 
ſition to the former, in which GG is the ſuper- 
ficies of the more attracting medium, M M is 


the limit of it's attraction, and the ray Ra, at- 


tracted continually towards GG, is carried in the 
curve a bed, and at laſt proceeds in the right 
line dd. If this medium between GG and M M 


be a vacuum, the ray will proceed towards GG 


by the whole force of the attracting body G G. 


But if after GG there ſhould be a medium, 


which is ſomething attracting, though leſs than 
GG, the. attracting force of the medium 66 
will be leſſened, becauſe they both act with con- 


trary directions. So that G G will only act upon 
the rays by the exceſs of it's force, which the 


leſſer it is, ſo much the leſs refraction will be 


roduced. 


$ 865. We have already proved in $. 498, Þ 
that the rays approaching to the more attracting 
medium will be inflected before they arrive at 
that medium; when the light of the fun paſſcs 
between the edges of two knives. For then it 
will be ſomething turned out of it's ſtraight way, 
and ſo much the more as thoſe edges approach to 


one another. 


' Secondly it is proved, that the rays are inflect- Þ 
ed at their entering into a rarer medium out of 21 
denſer. For when we look obliquely upon 2aF 


plane glaſs, or the lens of a long tube placed aloit 
f rs 
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in the air, there ſeems to be a double image of 
objects that are on high, and are placed before 
us; one of which vaniſhes, as ſoon as the lower 
ſurface of the glaſs is touched by water or oil. 


Por the ray Ra now entring the air out of the 
2 glaſs GG, by the great attractive force of the T b. 11. 
» glaſs, would be turned out of it's way aa into pig. 5. 
the curve abcdefghik, and returning into the 

| glaſs, and paſſing on in the direction KK, would 


repreſent the other image of the object: but as 


+ ſoon as the lower ſuperſicies of the glaſs G G is 
tinged with water or oil, the ray Ra will be drawn 


downwards by theſe. Therefore the force of tke 
glaſs being diminiſhed, the inflected ray will not 
return, but rather goes on in the right line aa or 
bb, by which the other image of the object va- 
niſhes. 
$. 866. From whence it manifeſtly follows, 
that the refraction of light depends upon the at- 
tracting forces of the mediums. Which forces 
are generally in proportion to the denſities, except 
in the caſe of ſome oily and inflammable bodies, 


© which attract in a greater ratio, as Newton *, 
* Haukſbee *, and Helſham ©, have proved by many 


experiments. For oil of wax is of a very ſmall 


weight in reſpect of butter of antimony, being 
28 662 to 1976; whereas the ratio of refraction 
in both is as 6685 to 5941, that is about 1,16 to 
1. Therefore the refraction is not always in the 
ratio of their gravities. 


8. 867. The true cauſe of refraction being now 


found, the opinions of other Philoſophers are 
| eaſily diſcuſſed, which by no means agree with 


* Optices,. L. 2. Par. 3. Fr. 10. 
d Fhyſ. Mech. opp. 9. 10. 
Lectures, p. 292. 
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the experiments. M. Des Cartes had ingeniouſly 
obſerved, that the path of the ray RO was to 
be reſolved into RC, parallel to AB, and into 


CO, perpendicular to the ſame. Then he ima- F 
gined, that light obtained an eaſier paſſage through 


a denſer medium than through a rarer, as being 
in it's motion leſs diſturbed by a medium whoſe 
parts are leſs moveable. Therefore if light is 


carried out of air X into water Z, it will be ac- | 


celerated, ſo that in an equal time it will not de. 


icribe an equal path OC, but ſome greater OD. | 


Then drawing DF equal to RC, it will move 


* 2 ee „ 1 wi 
"We Wo 


in the right line OF, by approaching towards | 
the perpendicular CK. But how ſhall the ray be! 
accelerated in the medium Z, which is brought © 


thither with the celerity CO? Nay, though all! 
reſiſtance be taken from it, yet no acceleration 


will follow; for to this purpoſe ſome new cauſe 


is required, which ſhall produce a new motion. Þ 
Secondly, how can any one conceive alſo, that 
when light paſſes through denſer media, nay 


through firm bodies, that it ſhall meet with leſs 
reſiſtance, and be leſs retarded, than when it 


paſſes through rarer and fluid media? Yet this 
was the opinion of Des Cartes. Thirdly, as this 


Philoſopher ſuppoſed the firmneſs of bodies to 


conſiſt in the reſt of their parts, will the parts of 
glaſs or of amber have any difference of reſt? Þ 
Yet they have different powers of refracting Þþ 
light: that of amber to that of glaſs being a 
13654 to 5436. Fourthly, there are ſome fluids 
that refract light more than firm bodies, and other 1 
fiuids which refra& leſs; in which caſe the opi- 


nion of Des Cartes can have no place. 


$. 868. Dechales conſiders a ray of light DCAB*Þ 
as compounded of ſmall rays ſomething cohering Þ 


> Dioptr, L. 1. 


AB 
ring 


ther, 
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together, and obſerves the refraction to be made 
towards the perpendicular, when the ray paſles 
out of a rarer medium into a denſer or more re- 
fiſting E B, becauſe it's part B ſooner finds a re- 


ſiſtance than A; therefore B can only move by 


the quantity FB, whereas A being leſs retarded 
can move in the ſame time a greater quantity 


; AG. Therefore the ray will be infleted towards 
the perpendicular GI, ſo that when the angle of 


incidence is CBH, that of refraction will be K GI. 


But it is not favourable: to this opinion, that 
light is more refracted by water than by glaſs, 
| cryſtal, ſal gemmæ; and ſtill much more by rec- 


tied ſpirit of wine than by water, to which no 


one will aſcribe a greater reſiſtance than to ſolid 
* glaſs. But this excellent geometrician is to be 


excuſed, becauſe he ingenioully confeſſes, that he 
does not entirely acquieſce in his own opinion. 


Dr. Barrow in his Optical Lectures was of the 


ſame mind with Dechales, or rather was followed 


by Dechales. | 


$. 869. Other Philoſophers have taken other 


methods to explain refraction; but thoſe who 


have had recourſe to a different reſiſtance, or have 
made it greater in fluids than in ſolids, or on the 
contrary ; have never been able to account. for the 


experiments of Newton on theſe principles. Nor 
have they met with more ſucceſs, who have at- 


tempted to explain the matter by ſome mechani- 


cal principle. For refraction depends on the at- 


tracting force of the medium, which is not me- 
chanical, but is ſingular in every body, nor does 
it always follow the proportion of the corporeal 


” mals. 


$. 870. Becauſe a ray of light, when arrived 


at another refracting medium, deſcribes a very 
| ſhort curved line; for the ſake of caſy conception 
Vor. II. F in 
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| in what follows, we may ſuppoſe it to move in a th 
1 right line quite to the ſuperficies of the refrafting | * 
|| Tab. 11. medium. Therefore let X be a rarer medium, . 
| Fig. 8. Za denſer, it's ſurface AB, upon which let a Þ t 
ray RO fall obliquely, and the perpendicular“ © 

it COK being drawn to the ſuperficies AB, RO | * 
i will be called the incident ray, and ROC the an. | d 
gle of incidence. And RC, perpendicular to OC, | C 

if will be the ine of the angle of incidence. Then“ C 
ll OF will be the refracted ray, DO F the angle of | C 
[ refraction, and the perpendicular DF will be the © = 
i} fine of the angle of refraction. | 
| $. 871. With whatever inclination the ray may ft 
fall upon the refracting ſurface of the other me- ci 


i dium, there will always be a conſtant and immu- Þ © fi 
table ratio between the ſines of the angles of in- 
cidence and refraction. 0 


Tab ri, For if RO denotes the velocity of the incident ir 

Fig. 8. ray, this will be conſtant. But this may be re- Þ d 
ſolved into RC and CO, by S. 357. The ray Þ tl 
will not be accelerated as to it's motion RC pa- ir 
rallel to A B, but only in it's motion CO. Let b 
it be accelerated by the quantity DK, taking it 
OI = OH = RC, and let fall the perpendicu- Þ b 
lar IS, and KS perpendicular. to OK. Then 
drawing OS, it will denote the velocity of the Þ a 
refracted ray, which alſo will be conſtant. Then v 
raiſing the perpendicular DF, it will be OS tot 
FO=RO:: SK OI Y RC, which is the fine d 
of the angle of incidence, to DF the ſine of the 
angle of refraction. And therefore becauſe RO 


ery W-- 5 


and OS are conſtant, DF and K S will be con- 

ſtant alſo. | v 
$. $72. Theſe ſines are in a reciprocal ratio of It 

the velocities in theſe mediums. 11 


$. 873. Snellius found that there was a conſtant 
ratio of refraction, but he uſed the ſecants of 
the 
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the compliments inſtead of the ſines. Let the 


rpendicular BL be drawn at the extremity of 


the diameter A B, and let RO be continued to 
the tangent in E, and OS as far as L. Then 
| O E will be the ſecant of the angle BOE ROH, 
4 
OLx OP=OB x OF. Therefore OL xOP 


and OL the ſecant of the angle BOL. Then 
drawing FP perpendicular to AB, it will be OE. 
OB :: OR. OH, and allo OL. OB: : OF. 
OP. Therefore OExOH — OB x OR: and 


'= OE x OH, and OL. OE::: OH. OP. 


of Snellius, firſt app 


Therefore the ſecant of the complement of re- 


fraction is to the ſecant of the complement of in- 
cidence, as the fine of incidence to the fine of re- 
fraction. 


$. 874. Carięſius making ule of this invention 
lied the ſines, and therefore 


introduced no ſmall light and convenience to this 


doctrine. The ancients obſerved a difference in 
the angles of refraction, according to the various 
inclination of the incident ray, and conſtructed ta- 
bles of refraction with great labour, for the various 


inclinations of the rays of incidence: which ta- 
bles may now be well ſpared. 


$. 875. Mr. C2ffini * and Sir Iſaac Newton * have 


alſo confirmed the conſtant ratio of the fines by 
various experiments. Nor is it any matter whe- 
ther light proceeds out of a rarer medium into a 
denſer, or on the contrary. 


F. 876. It is demonſtrated in plain trigono- 


- metry, that in every right-lined triangle ABC, the Tah ,,. 
fines of the angles are proportional to the ſides pig. 3. 

which are oppoſite to thoſe angles. But if in 
two triangles ABC, CBE, the angles BAC and 
BCE are very ſmall, whoſe fine is the ſame line 


Ep. 2. Aſtronom. de Solis Refractione. 
> LeQiones Opticæ. 
. F 2 BE; 
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BE,; the angles will be in the reciprocal ratio of | 
their ſides. For the angle BAC is to BCE, ass 


the ſine of the angle BAC to the ſine of the angle 
BCE, that is, as BC to BA, or as EC to EA. 


§. 877. Light emitted from the ſun A, firſt 
paſſes through the celeſtial ſpaces, or through an | 
empty medium, as 1t proceeds towards the earth, | 


then obliquely into the earth's atmoſphere B, or 


into a denfer medium, and is refracted towards 
the perpendicular. But whereas the denſity of | * 


the air, the nearer it is to the earth, is perpetu- 
ally increaſing, the refraction of the light will al- 
ſo increaſe in the places C, D, E, F, in which 
there is continually a greater denſity. Where— 
fore as the light paſſes through the various den- 
ſities of the atmoſphere, it will deſcribe a curve 
BCDEF: and becauſe in the fame altitude 
from the earth, the denſity of the air changes 
every day, and becauſe the air is always more or 
leſs accumulated by exhalations and vapours that 
refract light in different manners; the path of 
light through the air will be very inconſtant, 
and will be neither a cycloid, nor an epicycloid, 
according to de la Hire“, as Hermannus has 
proved“: and which Dr. Taylor has therefore en- 
deavoured to determine after another manner *, 
That the refraction of the atmoſphere was con- 
tinually different, was obſerved by Nettleton *, 
who meaſuring the height of a hill in cloudy and 
wet weather, found a greater angle than in a dry 
and ſerene ſeaſon. Alſo the tops of hills, when 
viewed from the fame place, appear to be higher 
in a morning or evening, than at a clear noon. 


* L'Hiſt. de I Acad, Royal. An. 1702. 
„Act. Lipſ. An. 1706. 
© Method. Flux. inverſ. prop, 28. prob, 22. 


4 Philoſ. Tranſ. No, 388. 


And 
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And in the winter they are obſerved to be higher 
than in ſummer. That the air does really refract 
light that paſſes through it, Lowthorp * has prov- 
ed by ſeveral experiments, and afterwards Halley 
and Haukſbee®, as allo de Le in France®; the 
? aſtronomical obſervations would ſuffer no doubt 
to be made of it, which ſhew the ſtars to be high- 
er above the horizon than they ought to be, as 
> alſo the appearances of the ſun and moon above 
the horizon, when they are really under it; and 
alſo the morning and evening twilights, From 
this refraction of light it follows, that we never 
| ſee the heavenly bodies in their true places, but 
always higher, ſo that A is ſeen in L; except 
when they culminate. 


$. 878. If a ray of light out of air fall obliquely 


upon water, it is refracted towards the perpendi- 
cular. In which refraction the ſine of the angle 


of incidence is to that of refraction, as 9434 to 


5071, or as 4,002 to 3, that is nearly as 4 to 3, 
according to Newton *. This proportion obtains 


among thoſe rays that are emitted from the ſun, 


and which fall upon water, which being refracted 
: exhibit a green colour. Among the rays paſling 
through the air, and refracted by glaſs, the ratio 
of the fines is as 8097 to 5240, which is nearly 
28 17 to 115. But rays of other colours have a 


different degree of refrangibility ; for the red rays 


are leaſt refracted, and the violet moſt. So 
that the ſines of theſe incident and refracted rays 


are to each other as 80481 and 81656 to 524000. 


This moſt illuſtrious Philoſopher, in his Optical 


* Philoſ. Tranſ. No. 257. 

d Phyſ. Mechan. Exp. p. 175. 

© L'Hiſt de Acad. Royal. An. 1719. 

4 Le. Opt. p. 1. Sect. 2. F. 35. 

* Newt. Le&. Opt. p. 1. Sect. 2. f. 30. 
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Lectures, has delivered various and very accurate 
methods of meaſuring the refraction of light, as 
it paſſes through different media; which deſerve 
to be conſulted. 

$ $879. In the mean time we may obſerve, 
that when light falls upon any corporeal medium, 
it does not all paſs intire, but ſome part of it is 
reflected by the repelling force of the medium: 
ſo that behind it unrefracted light may be always 
obſerved. It is plain that air reflects much light, 
becauſe a ray of the ſun being viewed ſide- ways 
may be perceived. A veſlel full of water, of 
ſpirit, or oil, and even glaſs itſelf, intercepts 
more light. How much is the loſs of light, 
when it paſſes through glaſs, ſea-water, &c. Mr. 
Bouguer has endeavoured to determine by inge- 
nious experiments“. 

$. 8 80. Wherefore ſince corporeal media, though 
ever ſo thin, intercept ſo much light, it can by 
no means be imagined, that that which comes to 
the earth from the moſt remote fixed ſtars, can 
paſs through a corporeal medium. For it would 
all be ſoon reflected and loſt in ſuch an immenſe 
intermediate diſtance, either by the ſolid particles 
of the medium, or by their repelling force. Now 
fince the fixed ſtars are obſerved to ſhine ſo bright, 
their light muſt neceſſarily paſs through empty 
celeſtial ſpaces, till it arrives at the earth's at- 
moſphere. 


» Eſſay d'Optique, Sect. 1. F. 3. 
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. O light falling upon the plain and ſpherical ſurfaces 
e | of refratting media. | 

11 6. 881. BE CAUSE light proceeding from Tab. 11. 
f a ſhining body 8, or reflected from Fig. 11. 
ys an opaque point S, goes on like the rays SA, SB, 
t, SC, SE, emitted from the center of the ſphere Sz 
ys the rays will perpetually recede from each other, 
of forming an angle. Theſe are called diverging, 
ts and the greater angle they form, they are ſaid to 
t, be ſtill more diverging. Thus SA and SE diverge 
Ir. more than SA and SB. And in general they are 
= called diverging, whenever they recede more from 
' one another, though they do not proceed from 
oh the ſame point. 

by $. 882. The ſhining Naar 8, or the opaque 
to reflecting point, 1s called the radiant point. 

an $. 883. The rays that are at a diſtance from 
11d one another, and continually approach nearer to 
\e one another, are called converging. Such as AS, 
les CS, ES would be, proceeding from A, C, and E. 
o §. 884. The point or place, in which the con- 
ht, verging rays meet, 1s called the focus. 

ty $. 885. The point or place, in which the con- 
at- verging rays would have met, 1f they could have 
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gone on in the ſame medium; or the point, from 


whence the diverging rays would have proceeded, 


had they been continued, is called the imaginary 
focus. 


$. 886. If rays of light not much diverging, 


AD, AC, AB, fall upon the plane ſuperficies SD, Tab. 1. 
of a denſer medium Z than & from whence they FE 
come, are refracted towards the perpendicular, 
being carried in the right lines BE, CG, HD, 
2 F 4 which 


Tab. 11. 
Fig. 12. 
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which being produced backwards proceed as it 
were from the imaginary focus O, more remote 
from the ſuperficies S D. The diſtance AD from 
the radiating point A, is to OD the diſtance of 
the imaginary focus from the ſuperficies SD, as 
the fine of the angle of refraction to the ſine of 
the angle of incidence. 

For AD perpendicularly falling upon S D, 
paſſes ſtrait to H without any refraction. The 
ray AC falls obliquely upon SD, upon which 
let be drawn the perpendicular Cp. Then will 
GCp be the angle of refraction, to which COD 
is equal, But by F. 876. the fine of the angle 
COD is to that of CAD, as CA to CO, that 


is, as D A to DO. But the angle CAD is equal 


to the angle of incidence AC q. Therefore 
the ſine of the angle of incidence is to that of re- 
fraction as OD to AD. 

§. 887. If rays of light not much diverging, 
KM, KR, K T, fall upon the plain ſuperficies 
VS of a rarer medium than that from whence 
they came, they are refracted from the perpendi- 
cular K M, and tend to MN, RP, TO, which 
protracted backwards meet in the imaginary focus 
JL, which is nearer the ſuperficies VS than the ra- 
diant point K, and the diſtance KM to LM, from 
the ſuperficies VS, is as the fine of the angle of 
refraction to the ſine of the angle of incidence ; 
which is proved by the ſame demonſtration as 
in §. 886, | 

This demonſtration will not obtain in rays that 
have much divergency ; for theſe protracted back- 
wards will have a ſmall circle for their imaginary 
focus, which will be ſo much the greater as the 
rays are more diverging. 


$. 888. If the converging rays EB, GC, HD, 


fall out of a denſer medium Z upon the plain ſu- 


perficies 
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tperficies SD of a rarer medium X, they are re- 


* 


R from the perpendicular, and will form a 


focus A which 1s nearer the ſuperficies S D than 
the imaginary focus O; and the diſtance AD will 
be to OD in the ſame ratio as in F. 886. There- 
fore theſe rays become converging. 


FS. 889. But if the converging rays NM, PR, 
Q, out of a rarer medium into a denſer, fall 
upon the plain ſurface 8 V, they will be refracted 
towards the perpendicular, and will meet in the 


focus K, which is more remote from the ſurface 
than the 1maginary focus L, and the diſtances 


KM and LM will be in the ratio mentioned in 


. 886. Therefore theſe rays become leſs con- 
verging. RES, | 


F. 890. If the parallel rays AB, CD, fall upon Tab. 11. 


| the plain ſuperficies BD of a medium of a dif- Fig. 14- 


ferent denſity, whether greater or leſs, after re- 
fraction they will continue to be parallel. In a 
denſer medium they will proceed according to 
BE and DF, in a rarer medium according to 
BG and DH. For the rays ABandDC will 
undergo an equal refraction, and therefore the 
angle ZDF = BFE, or RBG = RDH, and there- 
fore B E and DF, as alſo B G and DH, are pa- 
rallel. | 

F. 891. Let Z be the ſuperficies of a denſer me- Tab. 11. 

dium, A Ba convex ſpherical ſurface, upon which Fig. 15. 
let the rays CA and BD fall, which are parallel 
and near to one another, out of the rarer medium, 
which being refracted let them meet in the focus 
G. Then will GB, the diſtance of the focus 
from the ſuperficies, be to FB, the radius of 
the ſphere, as the ſine of the angle of incidence 
i to the ſine of the difference between the angle 
of incidence and of refraction. Let the right 
line D B fall perpendicularly ; this without re- 
fraction 
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Tab. 11. 
Fig. 15. 
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fraction will paſs directly through the center F. 


From the center F the right line FAE being! 


drawn, the angle of incidence for the other ray 

CA will be equal to CAE, to which AFB B 
equal. This external angle is equal to the two] 
internal angles of the triangle GA F and F GA 


But GA F 1s the angle of refraction, and therefor Þ * 
the angle FGA is the difference between the an. 
gles GAFand AFB. But G is the ſine of the! 


angle GAF, Now by F. 876. the fine of the 


angle AFB 1s to the ſine of the angle AGF af | 


GA to FA, or as GB to FB. And there. 
fore GB is to FB as the ſine of the angle cf 


incidence to the fine of the angle of the difference 


between the angles of incidence and refraction, 


$. 892. Let the diverging rays DB and DA fi 
upon the ſame ſpherical ſuperficies AB, Noꝗ 


becauſe the angle of incidence DA E is greatet 
than in 8. 891. allo the angle of refraction FAHF 


will be greater; and therefore the diſtance af 
the focus H from the ſuperficies A B is ao 
greater. But that the point H may be found 
imagine parallel rays proceeding from the con- 


trary part Z to have their focus in T. Witt 
radius F Y deſcribe the arch Yp, then draw AH 
parallel to the right line F p, and H will be ti: 
point required. For if p be a radiating point, pt 
paſſes ſtrait on, and pA falls upon a very nea 
point, whence it neceſſarily follows, that th- a } 
moves in a parallel manner to pF. But pa 
comes as it were from DA. The triangles Dpt 
and DAH are ſimilar. Therefore Dp. pF: 
DA. AH. Or DT. IF :: DB. BH. Hen«F 
ariſes another rule; ſince it is DT. DY IFF 
: DB. DB-- BH. And by permutation, DI 
D B:: DF. DH. But the nearer the radiating 
1 D ſhall approach to the ſuperficies A B, A 


ed 1) — Ek kn — 


Ho lk. fend —— 


mud L - 


1 


| 
and therefore the angle of refra&tion alſo. Now 
if this be made equal to AFB, the refracted ray 


* 


* AL will be parallel to BH. If the radiating 
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much the more the angle of incidence increaſes, 


point D approaches nearer to AB, the angle of 
refraction will become greater than the angle 
AFB, ſo that the rays will continue diverging 
after refraction, though leſs diverging than at 


their incidence. 


$. 893. The converging rays EA and DB may 


| i fall upon the ſuperficies AB with directions tend- 
ing to the center F. Theſe falling perpendicu- 


| larly in A and B, will paſs to the center F with- 
out any refraction, 


$. 894. If the incident rays converge leſs, as 


MA and DB; the angle of incidence MAE 
will be leſs than of the parallel ray CA. Where- 


fore the angle of refraction FAI will be leſs than 


the refracted angle of the parallel FA G, and the 

diſtance IB will be leſs than GB, the point I 
approaching ſo much the nearer to F, as the ray 
MA approaches nearer to EA. 


$. 893. It KA be the incident ray, after re- 


| fraction this will converge leſs, becauſe it ap- 
- proaches to the perpendicular A F, and falls in 


iq 
2 
+ 


ſome point 8, between F and B; but it is fo 


much nearer the center F as KA is nearer to EA. 


8. 896. From all theſe things in F. 891. 892. 


893. 894. 895. the contrary courſe of the rays is 


t eaſily deduced, when they paſs out of a denſer 
medium into a rarer, and fall upon a concave 
::& ſpherical ſurface AB. For if the diverging rays 


B and SA fall-upon AB, then BD, AK, 


| will be the refracted rays. 


If diverging rays proceed from the center F, 


| they will paſs without refraction, becauſe they 
Hall perpendicularly, 


If 
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concave ſide ; 
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If the radiating point ſhall be between F and | 


G, the refracted rays will be BD, AM. 

If the radiating point is in G, the refracted 
rays AC, BD, will be parallel. If the radiating 
point be placed beyond G, as in H, the refracted 
rays will meet in D. If the incident rays HB, 
L A, are parallel, the refrafted rays will meet 
nearer the ſuperficies AB than before; and the 
diſtance FD of the focus D from the centre F, 
will be to FB the radius of the ſphere, as the 
ſine of the angle of incidence, to the ſine of the 
difference between the angles of incidence and re- 
fraction. For the angle of incidence is LAF 
= EAC, the angle of refraction is E AD, the 
difference of the angles EACand EAD is the 
angle CAD=ADF. The fine of the angle CAE 
or of FAI, is FD; and the fine of the angle 
ADFis AF = FB. Therefore the ſine of the 
angle LAF is to the fine of the angle CA D, 
as FD to FB. If the incident rays are converg- 
ing, the refracted rays will meet ſooner. 

$. 897. Let there be a convex ſpherical ſuper- 
ficies AB, let the denſer medium X be on the 
CONVEX ſide, and the rarer medium Z on the 
let the rays DB, CA, fall paral- 
le], of which DB falling perpendicularly, paſſes 
through the centre F without refraction. Then 
drawing F A E perpendicularly at the place of in- 
cidence A, CAE will be the angle of incidence. 


| Now becauſe by refraction the ray will be obliged 


ro recede farther from the perpendicular F A, it 
will take the courſe AG, and therefore the pa- 
rallel rays will diverge from one another after re- 
fraction. Let the ray G A be drawn backwards, 
till it meets with the other in S, which 1s the 
1maginary focus. The angle of refraction is 


GAF=EAS, and therefore CAS is the dit- 
terence 
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ference between the angles of incidence and re- 
fraction, to which the angle ASF is equal. 
Wherefore the ſine of this angle to radius A F, 
as the fine of the angle of refraction EAS, to 
which the fine of the angle FAS is equal, to 
FS the diſtance of the centre of the ſpherical 
ſurface from the imaginary focus S. 

$. $98. If the diverging rays DB, DA, fall 


upon the ſame convex ſpherical ſuperficies A B, 
after refraction they will diverge from one ano- 


ther more than parallel rays : for becauſe the an- 
gle of incidence DAE. 1s greater then CAE, 


therefore the ray DA when refracted becomes 


AH. If this be continued backwards, it will 


meet with the axis in K, which point is the ima- 
ginary focus, and is thus diſcovered. DAE 
is the angle of incidence, HA F that of refrac- 


tion, to which EA K is equal; and therefore 


DAK is the difference between the two angles. 


the more the point D approaches nearer to AB, 


AK F is the external angle of the triangle 
ADK, equal to KAD ＋ KDA, which are 


known. Therefore in the triangle FA K, the 
ſine of the angle AK F is to the radius F A, as 
the ſine of the angle FAK, or K AE, is to 


FK, the interval between the centre F, and 


the imaginary focus K. Now by how much the 
more the radiating point D is remote from the ſu- 


perficies A B, ſo much the more the angle of in- 


cidence D A E decreaſes, till it becomes nearly 


equal to the angle CAE. And by how much 


ſo much the more the angle of incidence DA E 


increaſes, and alſo the angle of refraction, and fo 


much the more the refracted rays diverge from 


one another. Wherefore the imaginary focus 


vill continually approach to the ſuperficies A B. 


1 1 If 


r r v 
— — , he 


The ELEMENTS of 


If the converging rays DB, E A, fall upon 


the ſame ſuperficies A B, and which produced 
would meet in the centre F, theſe falling perpen- 
dicularly upon AB, will paſs without retraction 


to F. But if any fall that converge but little, as 
DB, QA, becauſe by refraction they recede | 


more from the perpendicular A F, they will be- 
come either leſs converging, as BR, AR, or 
parallel, as BR, AM. For let QA be con- 
tinued to R, and the angle Q AE will be equal 
to RAF. If now the ſine of the angle RAF 


is to the ſine of the angle MAF, as the ſine of 


the angle of incidence 1s to the ſine of the angle 
of refraction, then the ray QA after refraction 
will proceed in the line MA parallel to B R. 
And the angle QA E decreaſing, R AF and 
MAF will decreaſe. Therefore the ray QA 
after refraction will concur with BR. Wot; inci- 
dent rays that converge more, as DB, P A, by 
receding more from the perpendicular AF be- 
come more converging. For the courſe of the 
ray PA is AQ. 

$. 899. Now we may calily know the courſe 

of ſuch rays as return back out of a rarer medium 
Z into a denſer X, when they fall upon a con- 
caye ſpherical ſurface AB. For the parallel rays 
RB, MA, after refraction become diverging 
B D, AK: :::; 

Diverging rays FA, FB, emitted from the 
centre F, without refraction proceed i in the 2 
FAE, F BDP. 

Diverging rays RB, RA, emitted from a ra- 
carne point beyond the centre F, after refraction 

diverge more from one another, ſince they ap- 
proach nearer to the perpendicular AE. 

Diverging es OB, OA, emitted from a ra- 


diating \ between the centre F and the 


ſuperficics 
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ſuperficies A B, being refracted become leſs di- 
verging, ſince they approach nearer to AE. 


become leſs converging, or parallel. 
: ; ; « 


4 
2 


CHAP. AAX. 


Of light paſſing out of air into glaſs, and thence 


a 
> 


again paſſing into air. 


$. 900. 3 ABCD be a piece of glaſs, Tab. 12. 
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terminated by the plain and parallel Fig. 1. 


ſuperficies AB, D C, upon which out of air let 


the oblique ray E F fall, which is there refracted. 


By refraction this will approach to GFO drawn 


perpendicular, and will proceed in F L, and 
therefore falling obliquely at L, being again re- 


© fracted it will paſs out of the glaſs into the air, 


in the path LN receding from the perpendicular 


RLP. Now becauſe the ſine of the refracted 


angle LFO is to the ſine of incidence G FE, as 
11 to 17; the angle FL P will be equal to 


LFO, and the fine of the angle FEP will 


be to that of RLN, as 11 to 17. Then the an- 
gle REN will be equal to EF G, and therefore 
the incident ray EF is parallel to the ray LN, 
paſſing out of the glaſs into the air. | 


. 901. Let ABC be a glaſs priſm, on whoſe Tab. 12. 
ſuperficies A B let an oblique ray H F fall out of Fig. 2 
air, which being refracted will approach towards 


the perpendicular FP in the path FS. This ray 
falling obliquely in 8, when it goes out into air 
vill be refracted in the path SM, by receding 


from the perpendicular QSO. The ray DK 


falling perpendicularly on A B, paſſes ſtrait to I 


without refraCtion ; but fince it ſtrikes upon A C 


obliquely, going out of the glaſs into the air, be- 


ing 
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ing refracted from the perpendicular IN, it Pro. = 
ceeds in the path I R. : 
. Spheres, and various ſegments of ſpheres are 
made of glaſs : firſt, ſuch as are plain on one ſide, Þ* 
and convex on the other. Secondly, convex on 
both ſides. Thirdly, Faun on one ſide, and con. 
cave on the other. Fourthly, concave on both Þ* 
ſides. Fifthly, convex on one fide, and concave Þ*? 
on the other, of different radii. ö 
$. 902. Theſe ſpherical ſegments, Tab. 12.1 
Fig. 9, 10, 11, 12, are called Lenſes. But Tab! 
12. Fig. 7. this ſpecies is called Meniſcus, or Fig, t 
8. a concavo-convex. T 
$. 903. A right line paſſing through the centre FT þ 
F 

n 

K 


of the ſphere, and perpendicular to the other 
plain ſurface; or paſſing, through the centres of 
the two ſpheres, is called the Axis. 
L. 904. It parallel rays fall upon a ſphere, l 
which is either denſer or rarer than the ambient N b. 
medium, and in the diameter produced, which Wi 
is parallel to the incident rays, the point T is the N th 
focus of the firſt refraction in the ſuperficies AC; 
then the point F, in the middle between D and ni 
T, will be the focus of the refracted and proceed: ¶ an 
ing rays. by 
For let the incident and proceeding rays QA, Ni 
FG, produced meet one another in H. Becauſe | * 
the 18 in the points A and G 1s equal, the C 
triangle A H G will be iſoſceles. And fince the N the 
angle GT F is equal to HAT), and H GA equal E, 
to TGF, the triangle GFT will alſo be ifoſccls 7 
If now the ray QA be very near the diameter I fer. 
CT, the right line G F=DF=TF. Ther the 
fore the focus F is in the middle between Dkr 
and T. | 8 
$..905. There is a certain point E in lenſe I 
that are convex or concave on both ſides, * m 
Which 
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FX which any ray paſſing, as well incident as QA, 
as proceeding as aq, which remains parallel to it- 
| el. But in a lens that is plano- convex, or plano- 


e. concave, the point E lies in the vertex of the 
on FS convex or concave ſuperficies; and in a double 
n- F# meniſcus E lies without that ſurface that has the 


n greateſt curvity. 
ve Let REr be the axis of the lens, joining the Tab. 12. 
Centres R, r, of the ſurtaces A, a. Let there be Fig. 5, 6, 
12, drawn two ſemidiameters RA, ra, parallel to each? * 
ab. other, and let the points A, a, be joined. Then 
ig the line Aa will cut the axis in the point E. For 
ſince the triangles REA, r Ea, are ſimilar, it will 
ie be RE, Er:: RA, ra; and therefore the point 
her E cannot be changed in the ſame lens. Let us 
of now ſuppoſe the ray to recede on both ſides from 
Aa, which is equally inclined to the perpendicu- 
ere, lars on both ſurfaces, and therefore the ray muſt 
tent be inflected on both ſides, with a contrary direc- 


hich tion, ſo that A Q may be parallel to a q. But if 
; the the lens becomes plano-convex, or plano-concave, 
a ome ſemidiameter RA or ra will become infi- 
an 


nite, and therefore parallel to the axis of the lens; 
ceed and then the other ſemidiameter will coincide 
with the axis, and ſo the points A, E, or a, E 


QA, Vill coincide. bf 
cauſe F. 906. But the point E, which is called the 1 
„ the ¶ (entre of the Lens, may be thus determined. In 1 
e the ¶ the like triangles RAE, ra E, it is RA, ra:: EA, 1 


equi WE a, And dividends tis RA ra, ra: : EA 
ſceles. 
metct 
Phere- 
en D 


Ea. Ea. or Rr. Aa: : ra. Ea. That is, the dif- 
ference of the ſemidiameters is to the thickneſs of 
he lens, as the leſſer ſemidiameter to the diſtance 
pf the point E from the greater curvity. 

5. 907. If therefore a pencil of rays ſhall fall 
plmoſt perpendicularly upon any lens of a very 
mall thickneſs, the rays paſting through the 

Vor. II. CO 6 point 


lenſes 
\rough 
Which 
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11, 


13. 


12, 
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point E may be taken for a right line drawn 


through the center of the lens, without any ſenſi- 


ble error. 
S. 908. The focus of parallel rays, that fall al- 
molt perpendicularly upon the lens, may be thus 
found. 

Let E be the center of the lens, R, r, the cen- 
ters of the ſuperficies, Rr the axis, g EG a line 
parallel to the rays incident upon the ſuperficies B, 
whoſe center is R. Let the ſemidiameter B R be 
drawn parallel to Eg, in which produced let V 
be the focus of the rays that are refracted by the 
ſuperficies B alone. Draw Vr cutting g E pro- 
tracted in G, which will be the focus of the rays 
iſſuing out of the lens. For becauſe V is the fo- 
cus of the rays refracted by the ſuperficies B, the 
rays will fall with an oblique direction BV upon 
the ſuperficies A, and therefore the rays iſſuing 
trom A muſt neceſſarily have their focus in ſome 
point of that ray, which paſſes ſtrait through 
this ſuperficies A, that is in the line Vr drawn 
through the center r. And becauſe the ray 
paſſing through the point E may be. eſteemed 
as a right line, which let be g EG, the point 
G of it's interſection by Vr will be the focus 
of all the rays. 

§. 909. If the rays incident at the axis Rur are 
parallel, the diſtance of the focus EF is equal 
to EG. For let the incident rays, parallel to 
g E, be gradually more inclined to the axis, till 
they become parallel; then their firſt and ſecond 
foci V and G will deſcribe the arches V T and 
G F, the centers of which are Rand E. For 
the line RV is immutable, having to R B the 
ratio of the fine of refraction to the ſine of the 
difference between the incidence and retraction, 
by F. 891, And therefore EG is invariable, and 
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to the line RV in the ratio of r E to rR; becauſe 
the triangles E Grand RVr are fimilar. | 

$. 910. If the lens conſiſts of a thin glaſs, the 
focus may be thus found from the preceding pro- 


poſition. Since in the ſimilar triangles E Gr and 


R Vr it is GE. VR: : Er. Rr and VR becomes 
TR, and GE becomes FE; it will be Rr. Er 
2: TR. FE. Or the diſtance of the centers of 
both the curve ſuperficies, is to the diſtance of the 


lens from the center of either of the curve ſuper- 


ficies, as the ſemidiameter produced to the focus 
of the firſt ſuperficies, is to the diſtance of the fo- 
cus from the lens. 

F. 911. If therefore the lens be concave or con- 
vex on both ſides, it is as the ſum of the ſemi- 
diameters to either of the ſemidiameters, ſo 1s 
the double of the other ſemidiameter, to the 


of che meu from the lens. For RT'= 


2RE, as alſo rt S2 er, and therefore Et.tr: : 

2. ä 
; $. 912. But in a meniſcus it is, as the difference 
of the ſemidiameters to either of the ſemidiame- 
ters, ſo is the double of the other, to the diſtance 
of the focus from the meniſcus. 

$. 913. If the ſemidiameters of both the curve 
ſuperficies ſnall be equal, the focal diſtance will 
be equal to one of the ſemidiameters : but in a 
plano-convex lens, or plano-concave, the plain 
ſuperficies will have (as it were) an infinite ſemi- 
diameter. Whence the ratio of Rr to Er is a ra- 
tio of equality. So that allo TR to FE is in a 
ratio of equality, or TR FE. And becauſe 
TR to RE is as the fine of the angle of incidence 
to the ſine of the difference, FE ro RE will be 
in the ſame ratio. 


$. 914. Let Q be the radiating point, from Tab. 13. 
whence diverging rays are tranſmitted to the lens Fig. 1, 
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or ſphere, whoſe center is E. If then parallel 
rays had proceeded from the other ſide of the lens, 
whoſe focus let be F, by F. 908; and in the axis 
QE produced were taken QF. FE: : Ef. fq; 
the point q would be the focus of the refracted 
rays, if the radiating point Q_ were not much 
diſtant from the axis of the lens. 

For center E, and Radii EF, Ef, let two 
arches be deſcribed F G, fg, cutting the ray 
QAaq in Gand g, and let E G and Eg be 
drawn. Let G be ſuppoſed to be the focus of 
the incident ray GA, the iſſuing ray will be ag q 
parallel to G E, by J 908. So on the other fide 
let g be Ka > vp bo be the radiating point, and 

ga the incident ray, then the iſſuing ray will be 
AG Q parallel to g E. Therefore the two tri- 
angles QGE and E : will be ſimilar, and it 
will be QG . GE: g. g. If therefore 
the ray QA aq be very near the axis QE q, it 
will be. QF FE : Ef: fq. 

It is alſo Q. G E : QA. Aq, or _— 
FE :: GE EG. is alſo QG. 

QE . Qq, or QF. QE :: QE . as. | 

It Q approaches towards F, and coincides with 
it, the iſſuing rays will be parallel: For then q 
goes on to an infinite diſtance. If Q approaches 
to the lens beyond F, then the focus q 1 to 
the contrary ſide of the lens. 


CHAT. 


F. 


| 8. 915. 


the ſuppoſition, that all rays are of the ſame de- 
| eree of refrangibility z which indeed is not true 
in fact. For the great Newton has diſcovered, 
that a ray of light emitted from the ſun, ſuch as 
we are concerned with, is a collection of ſmall. 


NATURAL PHILOSOPHY, 


CHAP. XXX. 


i Of the different refrangibility of the rays of light, 


and of colours. 


[7 HAT has hitherto been obſerved 
of the rays of light, is built upon 


rays which are endued with different refrangibility. 


F. 916. That the experiments may be better 


| underſtood, by which this wonderful property of 


light is to be proved, ſome things are to be here 
premiſed. If a ray of the ſun is made to enter 


into a dark place, through a ſmall hole, it is en- 
| larged, and being received upon a plain directly 


oppolite to it, 1t illuminates a circular ſpace, 


| Which will be ſo much the greater as the plain is 
| farther diſtant from the hole: becauſe rays from the 
whole hemiſphere of the ſun paſs through the hole, 
and interſect one another in an angle, equal to the 
apparent diameter of the ſun. This being obſerved, 
let a large and deep veſſel be taken, at the bottom 


of which (if it be tranſparent it is ſo much the 


better) a ray of the ſun may be received as it 


G 3 paſſes 


| Thus if a ray O F emitted from the ſun, ſhall fall Tab. 13 
- obliquely upon the ſuperficies EFG of a denſer + 
medium, it would not only be refracted to FR, | 
but would ſplit into little rays FT, FS, FR, 
FQ. FP, which by diverging from one another, 
ſhew that the Ray FP is more refracted than 

FT. 


| 
| 
| 
[ 
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paſſes through the hole, and the length and 


breadth of this circular image may be obſerved ; 
then let the veſſel be filled with water, and the 
length of the illuminated circle at the bottom will 
be enlarged, but not the breadth. 

$. 917. Or let there be taken a rod of glaſs 
with three angles like a wedge, A CB, which now 
is called a glaſs priſm, whole ſolid angles may be 
each of 60 degrees, upon which, through the 
hole FZ, let a ray of the ſun fall OFXZ, 
which being refracted, and received upon a white 
plain at the diſtance of ſome feet, will exhibir 
an oblong image, whoſe breadth IC is but about 
one fourth part of it's length. It's breadth ] C is 
the ſame, as if at a like diſtance from the hole F 
no priſm had been interpoſed. This oblong 
image is compoſed of many circles falling upon 
one another, ſome of which are repreſented by 
GPA, HB, IC, KD, L TE, which having 
all the ſame diameter cauſe the image at the 


ſides. to appear terminated by right lines GIL, 


A C, parallel to one another, and at the ends 
P, T, by equal ſemicircles. Every circle repre- 
ſents the image of the ſun; therefore among 
theſe there are ſome, whoſe rays are refracted 
more, and others leſs, by the priſm. 

$. 918. If at the diſtance of To or 12 feet 
from the window, we look through the priſm 
ABC upon the round hofe FZ, in the place 
PT it will appear oblong, like the former image: 
a ſure token that the rays P H are more refracted 
than TI. 

$. 919. The ray SF is refracted by the priſm 
ABC into the oblong image P T, which was 
projected upon another priſm K M, that it might 
be examined, whether the rays now refracted 
would be dilated as before, and would then ac- 

quire 
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quire a ſquare figure pq tx, but this did not Tab. 14. 
happen; the former image PT only acquired an Fig. 1. 
4 oblique ſituation pt, which was compoſed of the 
' ſame circles. The rays which were moſtly re- 
fracted in the firſt refraction were again moſt re- 
* fracted in the ſecond retraction. By which it came 
do pals, that in both the images compared, p, P, | 
were farther diſtant from one another than T, t; | 
that is, the radii P, p, were molt of all refracted, ; 
and T, t, leſs refracted. 


F. 920. Therefore the ray of light, as it is 
e * tranſmitted from the ſun to us, conſiſts of light 
+ | which is very heterogeneons, ſince it is ſubject to 4 
8 ſuch a different refrangibility. Now that which ' 
contains light that is alike refrangible, Philo- 


8 ſophers call homogeneous. 
FS. 921. If we view a ray of the ſun's light I 


n 1 , d f 

y directly, or receive it upon a ſmooth white paper, | 
o it appears of a bright whiteneſs. | 
> F. 922. A ray of this kind, paſſing through a | 
8 glaſs priſm and thereby refracted, then received | 
1. upon a white plain, exhibits an oblong ſpectrum 

. PT, variegated with a great diverſity of colours, T.b. 13. 


which are diſpoſed in ſuch.an order, as that theſe Fig. 5. 

following are chiefly diſtinguiſhed, red, orange, 

yellow, green, blue, purple, and violet. But in 

each claſs of colours there are many intermediate 

ones, becauſe they are not intirely diſtinct, but 

| interfere with one another at the ſides. If you 

| conceive the whole ſpe&rum to be divided into 

| 360 parts, every colour takes up ſo many of theſe Tab. 14. 

| parts in it's length, as the number at the fide de- Fig. 2. 
clares. | | 


= 9. 923. Of the coloured rays the red are leaſt 
yhr refracted, and the violet moſt. Other interme- 
ded diate colours are ſo much the more refracted as 
2 they recede from the red to the violet, as we may 


lire | G 4 be 
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Fig. 3. 


Tab. 14. 
Fig. 4. 


Tab. 14. 
Fig. 5. 
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be informed by a view of the rays going out of 
the priſm, "TI > 

$. 924. Or if a plain CI, painted with two 
colours, cinnabar and indigo, be looked upon 
through the priſm in two manners, by an eye 
placed at K; it will be ſeen at D divided into 
two parts C and I. If the priſm be turned into 
the ſituation B, the object will appear again di- 
vided at E, as C and I. Now ſince both the 
images C, C, of the cinnabar, ſeem nearer to 
one another, and thoſe I, I, of the indigo co- 
lour are farther removed from one another, it 1s 
plain that the red rays are leſs refracted than the 
violet. 

$. 925. If the ſame object painted with both 
the colours be illuminated with the light of a 
candle, after the manner of Dr. De/aguliers*, and 
let a large lens LL collect the rays ; the red 
ones have their focus P more remote from the 
lens in the plain S, the blue ones nearer O in the 
plain B: A further proof that the blue ones are 
more retracted than the red ones. 


$. 926. The refrangibility continues always 


the ſame in the ſame colour, ſo that the red rays 
being ſeveral times refracted, ſtill are leſs refract- 
ed than the violet rays, or others of intermediate 
colours. Let S be the ſun, whoſe ray tranſmitted 
through the whole F may fall upon. the priſm 
ABC, which may refract it into it's colours, 
which are received upon the plain DGE; this 
being perforated, Jet it tranſmit one colour upon 
the board & y , which alſo having a hole, let 
it tranſmit a colour upon another priſm abc; this 
being refracted a ſecond time, let it proceed to M. 
The firſt priſm ABC being turned about it's 


4 Phil, Tranſ. N. 426. | 
axis, 
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axis, all the colours may be projected ſucceſſively ; 


upon the other priſm a b c, which being refracted 
vill again be obſerved between M and N, though 
all now come with the ſame incidence to the 
© priſm abc; yet the violet rays are found to be 


more refracted than the red ones in this ſecond 


© refraction: 
FS. 927; Becauſe the red rays are refracted leſs 
than the rays of other colours, they keep their 
way more obſtinately, and are leſs liable to be di- 
verted from it by the attracting and refractin 
force; and therefore the particles that Ses. 
the red rays are moved with greater force, and 
vill be either greater or more denſe than the 
particles of other colours. It is probable, that 
in a ſun-beam, conſiſting of all colours, the red 
particles move with the ſame velocity as thoſe of 
other colours ; therefore a greater power muſt 
be in them, either ſuppoſing an equal denſity but 
a greater volume, or a greater denſity under the 
: ame volume. 
$. 928. We may alſo conclude, that there is a 
greater force in the red rays, from the glaring 
with which they ſtrike the eyes; for the red rays 
| ſhine very brightly, whereas the violet ones can 
hardly be ſeen, becauſe they affect the ſight but 
| weakly : but the green rays, affecting the eyes 
| moderately, are pleaſing to them, ſince they move 
them neither too ſtrongly nor too weakly. 
§. 929. The colour that is found in any ray 
ſeparated from the reſt, always continues invaria- 
bly the ſame, however this ray may be refracted 
through glaſſes, priſms, or lenſes ; or whether it 
is condenſed into a focus by means of lenſes, or is 
reflected by any ſpeculum, or by any other body, 
and is then viewed through a priſm. A red ray 
| for inſtance always exhibits redneſs, and never any 


other 
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other colour; a green ray always retains it's 
greenneſs, and the ſame obtains in other colours. 

$. 930. So that the difference of motion or 
gyration of the ſeveral parts of light, ariſing 
from the refraction, is not the cauſe of the dif- 


ference of colours. For this gyration would be 
changed as ſoon as the light was refracted a ſecond 
time, or reflected, or collected; ſo that from 


coloured ray different colours would again ariſe, 
Pbich never happens. Therefore it is owing to 
their own nature and conſtitution, that ſome rays 
excite a ſenſation of one colour in the mind, and 
other rays a ſenſation of another, while the con- 
ſtitution of the ray continues the ſame, every one 
will conſtantly exhibit the ſame colour. But I 
would: here have it obſerved, when I ſpeak of 
the colour of rays, that it is not my opinion that 
ſuch: colours are in the rays themſelves; but that 
they have only a certain power ſo to move the 
nerves'of our eyes, that their mations may excite 
in our minds the. idea of colours. The rays to 
which the idea of a red colour is annexed, I have 
called red rays, and ſo of the yellow, green, violet, 
Sc. as if theſe colours were really in the rays, becauſe 
they appear thus to ſuch as behold the experiments. 
8. 931. A collection of all the coloured rays 
into one place conſtitutes brightneſs, or white. 
For if by means of the priſm ABC a ray of 
the ſun. is refracted into it's coloured pencils, 
which falling upon the convex lens MN are re- 
fracted, and then collected in the focus G; this fo- 
cus being received upon a white plain PE, will ap- 
pear white. Now that in this focus there is only 
a mixture, and not a deſtruction of the colours, 
will appear from hence. If the plane be moved 
beyond the focus, the colours will preſently ap- 
pear again, but in an inverted order. | 
| 932. 
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8. 932. If the focus G be viewed, by means of 
another priſm H IK, it appears re fracted into it's 

colours; as the red in r, the violet in v, with the 

other intermediate colours. e g 

F. 933. Let two priſms ABC, abc, having Tab. 14. 

equal ay N B and b, be placed paral- Fig: 7. 

| lel to each other, ſo that the angle of the priſm B 

may touch the other c, and the two ſides CB and 

„ cb may lie directly to one another; let the light 

paaſſing through rhoſe priſms be received upon a 

$ 

4 


paper MN, which may be diſtant from the priſms 
about 8 or 12 inches: now the colours produced 
- by the inward extremities B and c of the two 


e | priſms will be mixed in the place PT, and there 
Iwill exhibit whitenefs. For if either of the priſms 
fGobe removed, the colours produced by the other 


t will appear in that place PT. | 
© $934. If paints of very different colours be 
mingled with one another in a determinate pro- 
portion, as orpiment, verdegreaſe, mountain- 
blue, purple, they will produce a powder, which 
t dawbed pretty thick upon paper, and viewed 
at the diſtance of 18 feet, will appear as white as 
paper. | 
F. 933. If the rays of all the colours are not 
} mingled, whiteneſs will not be produced; but it 
will recede the more from this, and incline more 
to a wan, or ſome other particular colour, the 
more the coloured rays are intercepted, and the 
fewer colours are united. For if the light re- 
fracted by the priſm. into it's coloured rays, ſhall 
| fall upon the lens MN, and G the focus of all Tab. 14. 
| the colours be white, at T let ſome one of the *'s- ©- 
| colours be intercepted,” ſuppoſe the violet; then 
the focus G will no longer be white, but 
will incline to a brown. Again the indigo 
being intercepted,” G will be ftill leſs white; 


and 


92 


The ELEMENTS of 


and the red being ſtop'd at P, the focus G will 
be yellow and -green. Laſtly, the green being 
ſtop'd, the focus G will be perfect yellow. 

F. 936. If the beams of the ſun be refracted by 
the priſm into it's colours, and ſome coloured 
ray fall ſeparately upon an object tinged with 
paint, that object will appear of the colour of 
the incident ray, and not of the colour of the 
paint. But if the colour of the incident ray be 
the ſame as that of the paint, the colour of the 
ainted object will become very lively; whereas 
if it be illuminated with any other colour it will 
be much more obſcure. From whence it appears, 
that coloured objects by reflecting the rays of 
light do not change their colour, but that theſe 
objects reflect ſome of the coloured rays more co- 

piouſly, and others in leſs quantity. 
$. 937. Hence it appears, why objects appear 
of a bluiſh colour, in a place where ſpirit of wine 
is burning. Alſo why coloured objects by candle- 
light appear of a different colour from the ſame 
viewed in the ſun-ſhine, moon-ſhine, or by the 
light of a lamp. For by a candle yellow paper 
appears more languid, the colour inclining to a 
pale ſtraw- colour. Things painted with deep 
green appear bluiſh; when looked upon to- 
gether with a bluiſh object, it appears greeniſh ; 
compared with yellow it ſeems more blue. More 
of theſe appearances are mentioned by the noble 
Boyle, in his treatiſe of colours. Becauſe no black 
rays are exhibited by the priſm, we may conclude 
black to be no colour ; as alſo becauſe the deeper 
ſhadows, and other like things, or objects that 

reflect but little light, appear black. 
§. 938. As often as light falls upon thin tranſ- 
parent plates, it is alſo ſeparated into colours, of 
which ſome are reflected, and others tranſmitted, 
| according 
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according to the different thickneſs of the 


plates. This is obſerved manifeſtly, when we put 


two object-glaſſes of long teleſcopes upon one 
another; for the air lies between them like a thin 
plate, but of a different thickneſs. It is thinneſt Tab. 14. 
where the glaſſes touch, and thicker afterwards, | 
as the diſtance 1s greater from the point of con- 
tact. Let the light fall upon the upper lens, and 
let us view it from above; then where the 
: glaſſes touch there appears a black ſpot; then 
* ſeveral rings ſeparate from one another ſurround 
this, the colours of which, beginning at the cen- 
ter, are diſpoſed in the following order. 


Black, blue, white, yellow, red. 
Violet, blue, green, yellow, red. 
Purple, blue, green, yellow, red. 
Green, red. 


There are others, which are ſo much the weaker, 


| as they are farther diſtant from the center. Theſe 


are produced by reflexion from the air between 
the glaſſes. | 


§. 939. If we view the lenſes on the other ſide, 


ſo that the rays when tranſmitted may fall upon 
the eye, the coloured rings appear again, but in 
| thoſe places in which the foregoing rings were 
| diſtant from one another. The orders, beginning 
from the middle, are thus. | 


White, red, yellowiſh, black, violet, blue. 

W hite, yellow, red, violet, blue. 

Green, yellow, red, bluiſh-green. 
Red, bluiſh-green, &c. 


FS. 940. All theſe things are perceived alſo in 
bubbles, which are formed by blowing into water 
impregnated with ſoap. For as in a little time 
theſe bubbles become thinner, the water deſcend- 
ing from the upper part to the lower, we may 

3 obſerve 
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obſerve juſt ſuch coloured rings to ariſe, and in- 
deed in different parts of the bubbles, as ſome 
parts become thinner and others thicker; and 
theſe are made by the reflexion and tranſmiſſion 
of the light, as before in the lenſcs. 

$. 941. Paints and painted objects have pro- 
perly no colours, but break the light that falls 
upon their ſurfaces into colours, of which they 
reflect ſome, and abſorb others, which after 
many internal repercuſſions they either ſuffocate 
or tranſmit z wherefore objects are ſeen under 
that colour, which belongs to the reflected rays 
of light. Paints are very fine corpuſcles, and 
therefore are to be efteemed as the thin plates 
mentioned 5. 938. which reflect a different co- 
lour, according to their vanous thickneſs. There- 
fore the ſame paint, according to the different 
groſſneſs of it's parts, will be ſeen of different 
colours. Cinnabar when in a lump how little is 
it red? Being beaten into powder of a mo- 
derate fineneſs exhibits a moſt beautiful red: 
when beaten upon a porphyry-ſtone into an 
impalpable ſubtilty, with water, it loſes much 
of the beauty of it's colour, and approaches to- 
wards orange; but a moſt beautiful redneſs re- 
turns, by putting to it linſced oil, or that of 
poppy or turpentine. A like thing 1s obſerved 
of verdegreaſe. And hence alſo it is manifeſt, 
that if the ſuperficies of ſome bodies is changed, 
either for a rougher or ſmoother, becaufe of the 
compreſſion of the parts to one another, and 
therefore becauſe of tome kind of increaſe they 
undergo, the bodies will appear to be coloured 
otherwiſe than they were before. Paper that 
is rough appears much whiter than that which is 
imooth. Silver when rough 1s very white, but 
when poliſhed it grows black. 


I. 942. 


N * * Ln, 2 * * — wo N ES n n o ri * 4 , 
FLY bes Att EY 28 0 9 had — * * RR * . * 7 ** 96—— X — 
| — ns K(@at 1 GS $4 em S oe an _—y aw D.DD4a0. Aa NT. 


as FP IN teu} od A Os ©= jd tm £ © _- n=» _XN au ww tk 


NATURAL PHILOSOPHY. 
$. 942. Alſo if we conſider the light that paſſes 


through thin plates, as in $. 938 and 939, we 
| ſhall learn the reaſon why, if coloured objects 
are tranſparent, they appear of one colour when 
| ſeen by means of reflected light, and of another 
by tranſmitted light. Is it not very plain, when 
wie look upon the feathers of birds, and eſpeci- 
ally thoſe of the necks of pigeons, that being 
inflected by various motions they exhibit moſt 
beautiful colours, ſome of which are owing to re- 
$ flexion, and others to tranſmiſſion. This is alſo 
ö conſpicuous in an infuſion of lignum nephnti- 
cum, which appears of ſeveral colours, accord- 
ing to the different ſituation both of the eye and 
| the light. It is ſo likewiſe with ſome ſilken gar- 
ments; as alſo with very thin plates of gold ſer 
before a microſcope, through the pores of which 
the blue light only paſſes. 


$. 943. Alſo the tinctures of ſome bodies, that 


| ſhew different colours by putting to them diffe- 
rent ſolutions, and loſing them again return to 
| their former ſtate, afford agreeable amuſemenr. 
Ass if to the tincture of red roſes with ſpirit of 
| wine, which is yet whitiſh, an acid ſaline ſpirit is 
| added, as ſpirit of vitriol, oil of ſulphur, ſpirit 
of ſea-ſalt or of nitre, aqua fortis, though in ſo 
| ſmall a quantity as that the acid can hardly be 


perceived, it will be changed into an elegant 
tincture of the colour of red roſes. But if to the 
fame tincture of roſes be poured a ſolution of al- 


| caline ſalt, it will be changed into a green tinc- 
ture; as is alſo done by putting in oil of tartar 
per deliquium, or ſpirit of ſal ammoniac. But 


if to the ſame tincture of roles be added the 


white ſolution of vitriol of Mars in water, a 


black ink will be produced : It to the former red 
tincture, becauſe of the acid ſpirit put to it, you 
add 
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add a ſolution of alkaline ſalt, the redneſs will 

be changed into a green colour ; and if to the 
green colour, becauſe of the alcaline ſalt, you 
add an acid ſpirit, it will be changed into a ruddy 
tincture. 8 

If to a tranſparent ſolution of galls be added 
common vitriol of Mars, either calcined till it is 
white, or to the form of red colcothar, it imme- 
diately grows black; but the blackneſs will va- 
niſh by pouring in ſome drops of oil of vitriol, 
and it's former tranſparency will return. Put to 
this liquor ſome oil of tartar per deliguium, and 
the blackneſs will return again, but wall be loſt 
again by the affuſion of an acid ſpirit. The great 
Boerbaave has ſupplied us with many other 
things of a like nature, and ſome are to be found 
in the Florentine eſſays, as alſo in Helſbam 
This production and change of colours depends 
on the various magnitudes of the particles float- 
ing in the ſolution, which are ſometimes bigger 
and ſometimes leſs. For that theſe colours ariſe 
from thence has been very ingenioully proved by 
the great Newton *, who has almoſt exhauſted 
this doctrine of light and colours, and has im- 
proved it with many other diſcoveries, which we 
cannot enlarge on in theſe inſtitutions. 


= Chem. Vol. 2. p. 535. 
b Part. 2. p. 93, & ſeq. 
© Lectures, c. 20. 


* Opticz Lib. 2. part. 2. 
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C HAP. XXXII. 
A deſcription of the Eye. 


$.943- OW objects placed without are 

| ſeen by us, cannot be explained, 
unleſs the ſtructure of the eye, which is the organ 
of viſion, be firſt underſtood, Wherefore I ſhall 
endeavour to deſcribe it in the ſhorteſt manner 
I can. We have received from nature two eyes, 
placed in the middle of the face aloft in the head, 
that they may be near the brain ; each of them 


| lies deep in a bony ſocket, which is accurately de- 
| ſcribed by the learned Winſlow *, and in which it 
zs ſafe guarded from injuries, that might happen 
either from behind, or (ſideways. It is ſomething 


prominent out of this ſocket, and is defended be- 


ö fore by two eye-lids. 


$. 944. Above the upper eye: lid, and at the 


| lower part of the forehead, is placed the eye-brow, 
| compoſed of very many arched ſhort hairs, very 
thick at the greater canthus, but thinner at the leſ- 
| fer, that run from the greater to the leſſer cantbus, 


Theſe hairs hardly ever fall, are conical, ſomething 


| hollow within, and full of pith. The eye-brow 
is raiſed, depreſſed, brought towards the noſe, 


made ſmooth, or wrinkled, by the muſcular fibres 


of the forehead ®, as alſo by thoſe which raiſe the 


pins of the noſe. By theſe hairs are intercepted 


any duſt, filth, ſweat, which ſlipping down the 


forehead might otherwiſe fall into the eyes, and 


| obſtru& the light. Alſo the hairs being depreſſed, 
| prevent too much light coming from above the 


eye. 


* L'Hiſt. de Acad. Roy. An. 1721. 
» Euſtach. Tab. 41. Fig. 1. 


Vor. II. H L. 945. 


97 


98 


— 


The ELEMENTS ef 


$. 945. The eye-lids are two membranaceou s 
defences before the eyes, of which one is above 
and the other below ; as by coming together 
they ſhut the eye, ſo by ſeparating they diſcover 
it again. They are very thin, that they may be 
ſomething tranſparent, yet they conſiſt of an 
epidermis, a ſkin, a cellulous membrane, a muſcle, 
and a very ſmooth inward membrane full of veſ- 
ſels, and perforated with very many oſcula of 
excretory ducts, taking their riſe from little glands. 
The limbs of the eye-lids are cartilaginous and 


very ſmooth, perforated with ducts , through 


which a waxy matter exſudes, that they may not 
be dried up by the air, nor the tears paſs 
through, nor the eye-lids ſtick together. The up- 
per eye-lid is raiſed by the attollent muſcle®, and 
is let down by the depriment*. The eye-lids do 
not only defend the eyes from external injuries, 
but alſo by their aperture adjuſt the quantity of 
light, that it may not hurt the very tender re- 
tina, when we look upon objects that are ſtrong- 
ly illuminated. Alſo they continually waſh away 
all filth, when our eyes twinckle, and they moiſten 
the cornea and preſerve it's tranſparency. 

FS. 946. At the utmoſt external margin of the 
eye-lids there is a row of hairs, which is call- 
ed the eye-laſhes, ſtanding out almoſt trait, in 
the upper eye-lid bent upwards, and down- 
wards in the lower, that they may not hinder 
the entrance of the light. They are of a like 
ſtructure to that of the eye-brows, and defend 
the eye againſt external filth, or the approach of 
little animals. 3 


* Bartholin. Anat. L. 3. Tab. 10. Fig. 8. 
» Euſtach. Tab. 41. Fig. 1. 
« Verheyen. Tab. 27. Fig. 1. 


NATURAL PHILOSOPHY. 


$ 947. At the greater canthus of the eye, on the 
inward margin of each eye-lid, is ſeen a little 
hole, as it were the middle of a prominent pa- 
pilla, which is called the punium lackhrymale. 
Each is the orifice of a veſſel that runs towards 
the noſe, near which both being conjoined form 
the ſaccus lachrymalis, emptying itſelf through a 
canal into the noſtrils *. Theſe points by attraction 
abſorb the. tears into themſelves, in the ſame 
manner as water is attracted in capillary tubes. 
And as this apparatus 1s analogous to a capillary 
ſiphon with unequal legs, the tears attracted by 
the points will flow in the ſame manner out of 
the longer leg, which inheres in the noſtrils. 

$. 948. At the greater canthus is the caruncula 
lachrymalis, which is red, rough, ſpongy, between 
the two eye-lids, hindring leſt the eye-lids ſhould 
firſt be ſhut here, oppoſing the tears which are 
determined hither, that they may the more eaſily 
be abſorbed by the lachrymal points. 
F. 949. The great gland, placed between the 
ball of the eye and the upper eye-lid, in a good 


deal of fat, is extended from the leſſer to the 


greater canthus, and ſends forth ducts which 
run obliquely between the fat and the internal 
membrane of the eye-lid *, out of which a liquor 
called tears 1s perpetually poured, intended for 
watering and waſhing the cornea. 

$. 950. The ball is compoled of ſome of the 
tunicles of the eye, the firſt of which is the ad- 
nata, and conſtitutes whatever is in the eye that 
outwardly appears white, when the eye-lids are 
open. It is membranaceous, very thin, nervous, 
white, brought over the fore part of the eye and 


* Drake Anthrop. Tab. 17. Fig. 6, 
b Verheyen, Tab. 27. Fig. 3. 
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over the cornea by the quantity of 4+ or + and 
ſometimes a whole line. This does not enter the 
bony ſocket, but by extending itſelf every way it 
Joins the ball to the perioſteum, and keeps it faſt, 
that it cannot fall out of the ſocket. Thence 
bending backwards, it conſtitutes the internal 
ſuperficies of the eye-lids. 

$. 951. The eye lyes buried on all fides in a 
ſoft bed of fat; and with this it's muſcles are 
perpetually anointed and lubricated, that they 
may perform all their motions with eaſe and ex- 
pedition. They are performed by means of the 
tour muſculi recti, and the two obliqui, which are 


very well deſcribed by Euſtachius, and Winſlow ?. 


Theſe move the eye according to all directi- 
ons, nay bring it ſomething forward out of the 
ſocket. They 1 receive nerves from the pairs called 


motory, pathetick, the fifth and ſixth, and from 


the intercoſtal <. 
$. 952. The ball of the eye would be a perfect 
globe, if it were not for the fore part, where the 
cornea is, and where it is a little protuberant ; and 
on the back part it adheres to the optick nerve. 
The eye of an adult perſon from the cornea to 
the optick nerve is 114 lines long, Paris meaſure. 
3. The outward membrane that covers 
the whole ball of the eye ariſes from the dura 
mater in the brain, which involves the optick 
nerve that enters through a hole in the bony 
ſocket, where coming to the eye it is extended 
into a ſphere, When it comes to the fore part, 
it grows thin, becomes more flexible, leſs leathery, 
is tranſparent, and more protuberant. While it 
continues opake it is called tunica ſclerotica; when 


« Tab. 29. Fig. 2, 3, 4, 5. 
d L'Hiſt, de Acad. Roy. An. 1721. 
© L'Hiſt. de l'Acad. Roy. An. 1726. 
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it becomes tranſparent it is called the cornea. It 
is compoſed of many folds upon one another. 
The ſclerotica is not fo thick under the nuſculi 


recti as in the other part of the eye. The 


cornea is a ſegment of a ſphere, whoſe diameter 
is generally 7 or 7 or 73 lines. It's chord is 
either 3, 54, or 5 lines. The thickneſs of the 
membrane is commonly g or r of a line, as 
Mr. Petit has obſerved * On the outſide it is 


_ perforated by vaſcula, from whence a humour is 


derived, according to Steno and H/inflow. Out 
of theſe a thick viſcid liquor flows, when the 
ſphincters are relaxed in agonizing people. 

$. 954. Under the former lies a ſecond mem- 
brane, ariſing from the pia mater in the brain, 
that ſurrounds the optick nerve, and then the 
bulb of the eye. This is double. The external 
one is contiguous to the ſclerotica, and 1s call- - 
ed choroeides or uvea; and where it is diſtant 
from the cornea it is called iris. The inward 
membrane 1s the ruy/chiana, which bending inwards 
near the iris, covers the vitreous and cryſtalline 
humour. The iris is perfectly round, and pierced 
with a round hole, which is called the pypz/. This 
is not exactly in the middle of the iris, but nearer 
the noſe. The iris is tinged with various colours, 
and is compoſed of muſcular fibres, tending from 
the external ambit to the center, and terminated 
in the orbicular limb. This limb is alſo pro- 
vided with muſcular fibres, like a ſphincter, de- 
termining the figure of the pupil. Theſe are 
connected with the former, and alſo with ſmall 
pellucid membranes. The longitudinal muſcles 
dilate the pupil, which is contracted by the or- 
bicular, ſo that the pupil ſeems capable of being 


* L'Hiſt, de Acad, Royal. An. 1728. 
H 3 dilated, 
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dilated, eſpecially in infants, but lefs in old men. 
The intention of which is, that we might receive 
more of the light tranſmitted from objects, or 
that too much light might not make us blind; 
and therefore we can adjuſt the aperture, accord- 
ing as is neceſſary for diſtinct viſion, The pupil 
has the reſemblance of a truncated conical pipe, 
whoſe baſe is towards the inward part of the eye; 
for this way it is almoſt three times larger than 
on the outward fide, that more light might be 
tranſmitted through 1t to the cryſtalline Jens. In 
the veſſels of the iris a liquor is prepared, to be 
diſcharged into the anterior chamber of the eye. 

$. 955. The tunica ruyſchiana, drawn over the 
vitreous humour, 1s provided with muſcular fibrils, 
which are called proceſſus ciliares, of which the 
fixed beginning is every way in the uvea, and they 
are arched, becauſe on the fore part the vitreous 
humour is protuberant. They here ſhew them- 
ſelves like rays, paſſing towards the cryſtalline. 
Theſe fibrils are indeed not ſo numerous as thoſe 
in the iris, but more groſs. The back part of 
the iris, as alſo the proceſſus ciliares, are beſmeared 
with a very black unctuous matter, that ſuffocates 
the light which falls upon the eye too obliquely. 
When the proceſſus ciliares contract themſelves, 
from being bent they become more ſtrait, and 
ſqueeze out the vitrious humour, which they 
drive to the poſterior part of the eye, whence be- 
cauſe of the reſiſtance it is driven forwards, to- 
wards the middle, and moves the cryſtalline lens 
forwards. . . K | 

§. 956. That the ingreſs of the optick nerve 
into the eye may be the better underſtood, conceive 
the eye to look upon an object, directly oppoſite 
to it, and at the ſame height as itſelf above the 


Plain of the horizon. Alſo that a plain parallel 
1 
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to the horizon paſſes through the middle of the 
iris, as alſo a plain perpendicular to the horizon. 
The optick nerve enters the hinder part of the ball 
a little below the horizontal plain, and almoſt in 
the intermediate place, but very obliquely. There- 
fore the optical axis, which is a line perpendicular 
to the cornea, paſſing through the center of the 
eye, does not fall upon the optic nerye, but be- 
tween it and the exterior part of the eye. The 
optick nerve entering the eye is expanded under 
the vitreous humour ſpherically all round about, 
adhering to the unica ruyſchiana, and acquires 


the form of a very thin villous membrane, ex- 


tending as far as the ſeparation of the 717ica 
ruyſcbiana from the uv . This expanſion of the 
nerve is called the retina, which is very thin and 
ſoft, like a very tender mucus. As EuSachins * 
and Ruyſchius * have obſerved, the optic nerve is 
perforated in the middle, as Malpighius alſo has 
taken notice in the fiſh called Emperor. Where 
it begins to expand itſelf, it has greater arteries 
and lymphatic veſſels. The optick nerve is of a 
white colour, like the brain, from whence it is 
propagated. But the retina is found not to be ſo 
white, becauſe it is immerged in a very black 
mucus, adhering to the ſuperficies of the tunica 
ruyſchiana. Hence this membrane is quite black 
in infants, not ſa black at the age of twenty, of a 
grey colour about the thirtieth year, and in very 
old age it is almoſt White. 
Theſe are the integuments of the eye; now 


we muſt proceed to take a view of the inward . 


parts. 5 
8. 957. Between the cornea and the iris there is 
a cavity, which is called the anterior chamber. 


> In Epiſt. Tab. 16. Fig. 4. 
| © ip RES Between 


* Tab. 40. Fig. 1, 2, 3, 


103 


r 


— 


* 
— _ — — 
m. — 


— 


—— — — 
— — - 


—— — 
— 
ws - 
* 


„ ˙.————— 


— 2 
5 — 


— T 2 
= - - 


— 
= — 


104 


The ELEMENTS' f 


Between the iris and the cryſtalline lens there is 
another cavity, called the poferior chamber, com- 
municating with the former by means of the pu- 

il. The anterior chamber is the greater, and 
the poſterior the leaſt. According to Mr. Petit 
the anterior is of the dimenſions of 11,542 
cubical lines, the paſterior of 7, 854. The capa- 
city of both is above 19 cubic lines, which 
may contain 4, 08 grains of aqueous humour, 
The diſtance between the inward ſuperficies 
of the cornea and the cryſtalline lens is 14 
line. The thickneſs of the cornea being added, 
the external ſuperficies is diſtant from the lens 172 
line. The height of the anterior chamber, or the 
diſtance of the cornea to the iris, is generally 5 or 
1 line. The height of the poſterior chamber is & 
or + line. Both the chambers are filled with the 
ſame liquor, called aqueous, which is thin, very 
tranſparent, brackiſh, and without fcent. It 1s 
perpetually abſorbed and repleniſhing; it is  lefs 


thin and pellucid in old men, and refracts light 


as common water. 

$. 958. The cryſtalline lens follows, and is fo 
polited in the middle of the eye, that the axis 
of the pupil lies in the ſame right line with it's 
own. If we conſider the length of the eye, it is 
not in the middle, but nearer the cornea, It is a 
pretty firm ſubſtance, in circuit round, ſpherically 
convex on both ſides, like the lens of a micro- 
ſcope. The anterior ſuperfictes is leſs conyex than 
the poſterior; it is a portion of a ſphere which 
differs in many eyes, the diameter of which is 
from 6 to 12 lines, but maſt commonly 74 or 
8. The poſterior ſuperficies is a ſegment of a 
ſphere, whoſe diameter is 5 lines, ſeldom 5+. 


* L'Hiſtoire de I Acad, Royal. An. 1728. 
The 
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The chord of the lens is generally 4 or 4 lines, 
the thickneſs 2. The lens is compoſed of ſeve- 
ral coats, full of veſſels, ſpherical, very cloſely 
united. It is very tranſparent, and to 20 or 30 
years of age is without colour, from which 
time it begins to be ſlightly tinged with a 
yellow, and increaſes in proceſs of time, till 
about 80 it is as yellow as amber. Alſo it's 
hardneſs changes, for it is ſofter till 25 years of 
age, and grows hard till 60. It is ſofter at the 
outward ſurfaces, and harder in the middle. Alſo 
by age it's convexity grows leſs. The lens is in- 
cluded in a membranaceous capſula, which be- 
hind grows to the membrane that keeps the vitre- 
ous humour. This growing together proceeds as 
far as the extreme circular limb. This capſula 
on the fore part is formed by the tunica arach- 
noidea arifing from the uvea. The lens is ſaid to 
inhere in this capſula looſe on every fide, into 
which a viſcid liquor is infuſed, that moiſtens and 
nouriſhes the lens. But perhaps ſome very 
minute veſſels paſs into 1t out of the capſula, as 
the artificial injections of Hovius, and other ana- 
tomiſts ſeem to prove. This lens refracts light 
more than water; for whereas water refracted 
light in an angle of 60, 30, in the lens of an 
ox an angle was formed of 24*, 10', according 
to Haukſbee's obſervation. Robinſon has found, 
that it's ſpecific gravity is to that of water as 10 
to 


; 4 959. The poſterior part of the lens is placed 


in the vitreous humour, which is a mals denſer 
than the aqueous humour, ſofter than the cryſtal- 
line, very tranſparent, flexible, filling the poſte- 
rior part of the eye, and exceeding the lens and 


2 L'Hiſt. de Acad. Royal. An. 1730. 
aqueous 
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aqueous humour in quantity. The foreſide is con- 


tained by the choroides and the ciliar proceſſes. It 


ſeems to be a collection of a great number of lit- 
tle veſſels inhering in their reſpective membranes. 
Haukſbee has obſerved, that it's refracting force is 
the ſame as that of water; and Robinſon takes 
notice, that it's ſpecifick gravity is nearly the 
ſame as that of water | 1 
$. 960. The optick nerves ariſe from the high- 
eſt part of the medullar ſubſtance of the brain, 
under the corpora ſtriata, from whence they tend 
downwards, and are perfectly united under the 
infundibulum. And then the lamellæ, which 
ariſe from the right ſide of the brain, paſs among 
others, whoſe origin 1s from the left fide of the 
brain, and being joined to theſe form a nerve, 
which tends to the left eye. And thus alſo thoſe 


that ariſe from the left ſide of the brain. paſs to 


the right nerve, and mingling with it's fibrils tend 
to the right eye. Then the two nerves ſeparate 
from each other, enter into the foramina, which 
are at the bottom of the orbit, arrive at the 
bulb of the eye, in which they are diſtended and 
conſtitute the retina. 


CHAP. XXII. 


Of the paſſage of light through the humours of the 
eye, and concerning Viſion. 


§. 961. HE rays of light that are tranſ- 

mitted from any point of a ſhining 
or illuminated object, and falling upon the white 
of the eye, are beat back again, nor do they pe- 
netrate into the eye. But they that fall upon the 


* Helſham's Lectures. 
Cornea 
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cornea proceed in this manner. Let ABC be the Tab. 15. 
object, from the point B let the rays Bd, BF, Fig 1. 


BD, BE, Ba be tranſmitted, of which BD fall- 
ing perpendicularly upon the cornea, which is 
ſpherico-convex and tranſparent, let it paſs ſtrait 
to H through the aqueous humour without re- 
fraction; BE falling obliquely on the cornea, is 
refracted by approaching towards the perpendi- 
cular Pp, according to the proportion of the rays 
that are incident and refracted out of the air into 
water, F. 878, and paſſes through the aqueous hu- 
mour and the pupil, as far as G. In like man- 
ner the ray BF paſſes to I. In this refraction the 
rays become leſs diverging, ſo that many of 
them may be tranſmitted through the pupil. Ba 
and Bd refracted by the cornea fall upon the iris, 
by which they are reflected, and go out of the 
eye; by means of ſuch we ſee an iris and all it's 
colours. 
$. 962. Becauſe the pupil is narrow, the rays 
that are very diverging will not paſs through it; 
which comes to paſs, becauſe theſe, although re- 
fracted, did not concur with the others in the 
int above the retina. | 
The ſame things alſo obtain in the rays emitted 
from the points of the object C and A, and from 
all intermediate points. 
'$. 963. If rhe object NE be very near the eye, 
it's rays that are very oblique, as II K and Em, 


after they have paſſed through the pupilla, fall 


upon the very black pigment, between the iris 
and the vitreous humour at K and m, by which 
they are ſuffocated ; that they might not diſturb 
the ſight if they ſhould paſs through the vitreous 
humour upon the retina, ſince they could not by 
any means meet in a point upon the retina. 


9.964. 
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8.964. The flatter the cornea is, ſo much the 
leſs will the rays be refracted that fall upon it; 
therefore they will be the leſs directed to the pu- 
pil, and the fewer will paſs. They that do paſs 
will afterwards be leſs compelled by the other hu- 
mours of the eye to fall in diſtinct points upon 
the retina. In old men their eyes fall away and 
grow flatter z whence it appears why they do 
not perceive objects ſo clearly and diſtinctly. On 
the other hand, the more gibbous the. cornea is, 
ſo much the more rays are refracted by it, are 
more directed towards the pupil, and will paſs in 
greater quantity. And ſo generally are the eyes 
of thoſe which are ſhort- ſighted, who therefore 
ſee objects more clearly, but only ſuch as are near, 
whoſe rays are very diverging, and are to be re- 
fracted much, that they may meet upon the 
retina. | . 

$. 965. The larger the pupll is, ſo much the 
more rays, and more diverging, will paſs through 
it, which are emitted from the ſame point. The 
narrower it is, ſo much the fewer rays it will 
tranſmit. Now the pupil can be dilated and con- 
tracted by means of the muſcles of the iris, and 
this was neceſſary. Becauſe that we may perceive 


objects clearly and diſtinctly, a certain quantity of 


light was wanting, which may affect the retina 
neither too little nor too much. So that by con- 
tracting or enlarging the pupil, we moderate the 
quantity of light. 
S. 966. Rays that are tranſmitted through the 
Pupil not very obliquely fall upon the cryſtalline 
ens, which is more denſe than the aqueous  hu- 
mour. Though the ray D H falls directly upon 
it, and therefore paſſes without refraction, yet 
other rays. falling obliquely will be refracted, ap- 
proaching towards the perpendicular, according 
1 to 
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to the proportion of rays that paſs out of water 
into glaſs. By which refraction the rays again 
will diverge leſs than before, or will become pa- 
rallel, or converging, according as E G tends to 
GL, and FI to IN. 

967. The more gibbous is the anterior ſurface 
of the lens G HI, and the more ſolid the lens is, 
ſo much the more will the rays be refracted. 
But the flatter this ſuperficies ſhall be, or the ra- 
rer the lens is, ſo much the leſs will be the re- 
fraction. Purblind people ſeem to have a lens 
which is very much refracting, and therefore if 
objects are put near the eye, from whence ve 
diverging rays are emitted, they may be ſeen by 
them. On the other hand moſt old men ſee only 
objects that are remote from them, from whence 
parallel rays are emitted, which can be bur little 
refracted, for which a flatter lens is required. 
And in old men this is always more ſolid. 

$. 968. Thus the rays are arrived at the vitre- 
ous humour, which is ſomething rarer than the 
cryſtalline lens; the perpendicular ray H M paſſes 
to the point M without any refraction. This 
being no where refracted in it's whole paſſage 
through three of the humours of the eye, is uſed 


to be called the optical axis. But GL that goes 


obliquely out of the ſuperficies of the lens, is re- 
fracted by receding from the perpendicular LT, 


and proceeds in the path LO. In like manner 


M proceeds to NO. And therefore the rays by 
this refraction are made more converging, and 
by how much the poſterior ſurface of the lens is 
more gibbous, ſo much the rays that are more re- 
fracted alſo converge more. And the flatter that 
ſuperficies is, ſo much the lefs they will converge. 
By this means the rays of light, which are emit- 
ted from any point B of an object, meet again in 

a point 
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a point O upon the retina of the eye. And thus 
the rays reflected from the points A and C of the 
object, will meet in the points of the retina X 
and V. _ 
969. Wherefore an image of the object 
ABC will be painted upon the retina in XO 
Y, but in an inverted ſituation. After the ſame 
manner as in a camera obſcura, that has but a 


ſmall aperture, which receives a convex lens, the 


images of external objects are painted upon a 
lain. . 
, $. 970. The nervous fibrils of the retina ſuffer 
a concuſſion by the rays, which motion is either 
continued, or by the animal ſpirits is propagated 
to the other extremity of the nerves in the brain, 
where the common ſenſorium is. This motion 
communicated to the mind excites the ideas of 
external objects; and this is 70 ſee. 
$. 971. The image of external objects is di- 
ſtinctly painted upon a ſmall portion of the retina, 
about the optical axis, but indiſtinctly in ſuch 
places as are remote from this axis. Therefore at 
one view we can ſee but a ſmall part of an ob- 
ject, and all the other parts we can lee but imper- 
fectly and contuledly. a 
$. 972. If the object be at ſuch a diſtance from 
the eye, that the ray of light emitted from the 
ſeveral points of the object meet again by refrac- 
tion in as many points upon the retina, the cry- 
ſtalline lens of the eye continues in it's own place. 
But if the obje& approaches nearer to the eye, 
the rays that are emitted from it, being more di- 
verging and as much retracted as before, would 
not meet upon the retina but behind it. Where- 
fore the lens, by means of the ciliar proceſles that 
contract themſelves, is moved farther from the 
retina, that the rays may unite upon it. 
. 973: 
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$. 973. If the object is at a great diſtance from 
the eye, the rays fall upon it but little diverging, 
and being refracted as much as before, would 
meet before they come at the retina. Then the 
ciliar proceſſes being relaxed, the cryſtalline lens 
approaches to the retina, 1o that the 1mage of the 
object may be painted upon it. 

$ 974. Or when the ciliar proceſſes contract, 
by which the cryſtalline lens 1s brought nearer to 
the cornea, does it not at the ſame time become 
flatter, becauſe of the compreſſion of the bag in 
which it inheres? Though becauſe of it's hard- 
neſs it would oppoſe ſuch a change, yet the mucus 
that covers it before at H and M will be ſqueezed 
towards the ciliar proceſſes, where a cavity is 
formed in the bag by their contraction; and this 
would be the ſame thing as if the lens became 
flatter on each ſide, If the lens is mutable, it 


will become harder and more ſolid by compreſſion: 


On the other hand when the ciliar proceſſes are 
relaxed, the lens will alſo be relaxed, and will 
become rarer, but at the ſame time more gibbous, 
as well becauſe of it's own figure, as becauſe of 
the mucus that returns from the proceſſes ; which 
is of ſome uſe in viſion. 

$. 975. Every change that happens to the eye, 
whether in the widening or ſtraitening the pupil, 
or in the figure of the lens, or in it's nearer ap- 
proach to or removal from the retina, is reſtrain- 
ed within certain limits, which are more or leſs 
extended in different eyes. Theſe limits depend 
partly on the conſtruction and flexibility of the 
eye, and partly on years and exerciſe. And there- 
fore all do not fee alike diſtinctly either near or 
remote objects. Nay ſometimes in the ſame man 


the mobility of each eye is confined within diffe- 
rent limits. 
0 §. 976. 
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$. 976. The image of external objeRs 1s painted 
invertedly upon the retina ; the upper parts fall 
upon the lower parts of the retina, the lower 
upon the upper; thoſe that are at the right fide 
of the eye in reſpect of the optical axis, fall on 
the left ſide of the retina, and thoſe on the left 
fall on the right ſide. But why does the mind ſee 
objects in their ere& ſituation ? Are the nerves 
which are diſplayed on the retina inverted in 
their paſſage through the brain, ſo that thoſe 
which are at the lower part of the eye are termi- 
nated upwards in the common ſenſorium, and fo 
of the reſt? Or are the terms above and belaty 
merely relative to our body, which while we ſay 
it is placed in an erc& poſture, all other objects, 
whos image is alike painted in the eye as that of 
our body, will be judged to be in an erect ſitua- 
tion, in what manner ſoever they may be painted? 

$. 977. Let the optical axis of the two eyes be 
ACE and A DG, paſſing through the centers of 
the cornea and of the cryſtalline lens to the re- 
tina in E and G. The nervous fibrils are ob- 
ſerved to be ſo diſpoſed, that if the image of the 
object in each eye L, K, fall upon the points E, 


G, of the optical axis, the mind fees only one 


object; as alſo comes to paſs, if the image of the 
object in the eye L falls within the axis CE and 
the noſe I, and at an equal interval from the op- 
tical axis, the image in the other eye K in the 
ſame plain may fall between the axis and the part 
K averſe from the noſe. 

F. 978. This alſo happens, if the image of 
the object in the eye L, ſhall fall between the 
axis CE and it's part L averſe from the noſe; 


and in the other eye K, between the axis DG 


and the part adjacent tg the noſe. 


§. 979. 
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$. 979. But if the image of the ſame object 
in each eye L and K does not fall at the ſame 
time on the parts of the retina aforementioned, 
the object will appear double. As it happens, if 
firſt we look upon the object with both eyes, and 
then with our finger preſs either of our eyes up- 
wards. or downwards, to the right or left; for 
then the object will immediately appear double, 
and in a different place, according to the different 
preſſure of the eye. | WOE 

980, The ſame thing alſo is known, if two 
objects A and B are placed remote from each 
other; for as ſoon as both the eyes attend to the 
object B, by directing the optical axes to it, the 
object A appears double, becauſe the two images 
of this in each eye fall at the external part of the 
optical axis. But as ſoon as the optical axes are 
directed to the object A, the object B appears 
double, both it's images falling upon the retina 
between the optical axes and the noſe. In a like 


manner we may explain the following pheno- 
menon. Let there be two candles C, D, which Tab. 15. 
are three feet diſtant from a perforated paper K. Fig. 7. 

Let the two eyes be in A and B, which together 


looking upon the candles will ſee the hole at K to 
be double. The hole at K being enlarged, both 
candles will appear as one. 
$. 981. Why therefore, ſince in each eye an 
image of the ſame object is painted, does the 
mind however apprehend but one ? Becauſe we 
have learned by manifold experience, and calling 
our. touch to our aſſiſtance, that the object is but 
ſingle. As by taking a bal! between our hands, 
we have found it to be not two, but one only. 
The organs of ſight and of touch mutually help 
one another. But when the ſenſe of feeling in- 
forms the mind, that an object is limple, of 
Yor, II. | 1 which 
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which a double image is painted in the eyes, 
when the mind is affected by the eyes after the 
ſame manner on other occaſions, it judges the 
object to be ſimple. 

Others have imagined, that the fibrils of the 
nerve OQT, PRT meet in one at T, which is 
extended as far as the ſenſorium; ſo that both 
the nerves being affected in O and P, or only in 
O, the ſame perception would ariſe. But from 
the obſervation of Mr. Du Fay, this opinion falls 
to the ground. For if one eye be ſhut and the 
other open, and if we thus enter into a dark 
room, and then open both eyes, we may per- 
ceive the weak light of a diamond with that 
which was ſhut, which will not be ſeen by the 
other eye. 

982, Let a ſmall white circle A be fixed upon 
a plain black ſurface, at the ſame altitude as the 
right eye. To the right hand from A, and at 
the diſtance of two feet, but a little lower, let 
another white circle be fixed on the ſame ſurface. 
Let a ſpectator ſtanding near look upon the ob- 
jet A only with his right eye, and he will alſo 
ſee B but obſcurely. Then let him withdraw 
from A in a perpendicular, at a diſtance from it 
of 6, 7, or 8 feet, or more, and the object B 
will no longer appear. For then the image of 
the object B falls upon the optical nerve, where it 
enters the eye. Wherefore then is the object not 
ſeen, if this nerve be the inſtrument of ſight? 
Is it not becauſe then the image falls upon the 
middle of the nerve, where there is a cavity, and 
where the extremities of the fibrils cannot be 
affected? | bh . 

Or ſecondly, ſince the blood - veſſels that run 
through the middle of the nerve here enter the 
bulb, can the image of the object B falling upon 

2 L'Hiſt. de l' Acad. Roy. An. 1735. 
2 ſuch 
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ſuch a blood-vefſel be perceived by the mind, 


ſince not an artery but a nerve is the inſtrument, 


which propagates motion to the common ſenſo- 
rium? Mariot, Perrault, Pecquet, have diſputed 
at large about theſe appearances, to which Ber- 
noulli has added reflections that are ſtill more 
ſubtile *. 

$. 983. From what we have hitherto explain- 
ed it manifeſtly follows, that rays of light have 
not their emanation from the eyes themſelves upon 


the objects, from whence they are reflected back 


again to the eyes, as the Stoicks have taught. 
For in a place that is quite dark we can ſee no- 
thing, in which however we ought to ſee objects 
in the ſame manner, if light proceeded out of the 
eyes. Pliny indeed mentions ſomething like this 
of Tiberius, Plutarch of Marius, and Briggs © of 
an ingenious Britain, and Willis after drinking of 
2 generous wine. Schenckius * takes notice of a 
certain Counteſs in the ſame circumſtances: and 
it is alſo affirmed of Sabellicus the hiſtoriogra- 
pher. But we doubt much whether the obſerva- 
tions were rightly taken; beſides that they are 
ſaid to be caſes very rare, and not at all natural, 
from whence nothing can be concluded. It is 
molt likely, that the very tender retina of theſe 
people could be moved by a very little light, 
and that ſo they might ſee objects in darkiſh 
places. 


$. 984. Nor according to the Pythagoreans and 


Epicureans *, are viſible ſpecies emitted from ob- 
jects, which at their firſt emiſſion are very great, 


Comment. Acad. Petro. V. I. p. 314. 
a. Nat. I. 11. e. 37. 

* Ophthalmograph. c. 5. F. 12. 

4 Lib. 1. Obtt. de Morb. Oculor. 

* Lucret, I. 4. v. 46. 
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and decreaſe continually the further they go, till 
they arrive at ſuch a ſmalneſs as will permit them 
to enter the eye, that the mind may perceive 


them. If this hypotheſis were true, we ſhould 


ſee objects in the dark as well as in open light. 
Which difficulty alſo attends the opinion of the 
Platonicks, who 1magined, that both the objects and 
the eye emitted their ſeveral effluvia, which met 
with one another in the midway, embraced one 
another, then returned and made their reports to 
the eye, and ſo to the mind. 

$. 985. The clearneſs with which objects are 
perceived is greater or leſs, depending on ma- 
ny cauſes, which are either ſolitary, or ſeveral 
concur together. Greater clearneſs depends, firſt 
on the greater quantity of light reflected by the 
object, and is in the firſt place, if the object 
be near, nor the light intercepted by the air: 
for in vacuo near and remote objects would be 
ſeen with equal clearneſs. Secondly, if the ob- 
ject be white, or painted with a lively colour. Or 


thirdly, if the figure of the object be ſuch, that 


it can reflect many rays to the eye. 

Secondly, the clearneſs depends on the ampli- 
tude of the pupil, and the mobility of the iris; 
for the wider the pupil is the more rays it can 
tranſmit. 

Thirdly, it depends on the tranſparency of the 
three humours of the eye, which enables them to 
tranſmit almoſt all the light that falls upon the 
cornea. 8 | ws 

Fourthly, to this alſo concurs the tender and 
ſound condition of the retina, and of the whole 
optick nerve from one end to the other. 

$ 986. Hence it appears why ſhort-ſighted 
men ſee objects more clcarly than old eyes, be- 
cauſe they require them to be nearer. By looking 
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on an obje& for a good while, do we not ſee it 
more clearly than at firſt, becauſe we gradually 
dilate the pupil more and more ? 


$. 987. It the four conditions mentioned 8 985 


ſhould concur together, objects would be ſeen 
very diſtinctly. If one or more of theſe four. 


cauſes be leſs perfect, objects will not appcar fo 
clearly: and the more theſe four cauſes ſhall 
want of their due perfection, ſo much the more 
obſcure the objects will be. 

§. 988. Objects are diſtinctly ſeen, firſt when 
the rays emitted from them, after they have 

aſſed through the three humours of the eye, and 
Lave been reflected from the ſame point of the 
object, meet in a point upon the retina. 

Secondly, viſion is chietly diſtin, when the 
image painted upon the retina is large in reſpect 
of the object, ſo that almoſt all the rays form ſo 
many different points of the image upon the re- 
tina, as are the points of the object from whence 
they are emitted: and therefore near-ſighted 
people ſee more diſtinctly than ſuch as are long- 
ſighted; as likewiſe we always ſee near objects 
more diſtinctly than thoſe that are remote. 

Thirdly, when objects are neither too much 
nor too little illuminated. 

Fourthly, when we behold the ſame object a 
long time and with attention, by viewing it in 
every part with our ſharpeſt ſight, and at the 
fame time by accommodating both the ampli- 
tude of the pupil and the humours of the eye to 
the rays of light, that they may be accurately re- 
trated to form a diſtinct image. 
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. 989. The rays of light CA and BA that Tab. 1;. 
come to the eye A from the extreme points of Fig. 3. 


the object, form an 2 BAC, which is called 
the optical or viſual angle. 


2 E 8. 990. 
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$. 990. By this angle we meaſure the apparent 
magnitude of objects ; therefore thoſe things 
which are ſeen under equal optical angles, appear 
to ve equal, and paint equal images upon the re- 
tina: thoſe which are ſeen under a leſſer angle, 
appear leſſer, and paint leſſer images; and again, 

thoſe which appear under a greater angle, paint 


| — images upon the retina, and 1 


greater. 

$. 991. Whatever things are ſeen at one view, 
are commonly contained within an optical right 
. angle. For let the rays X B, Z B, form a right 
angle ; theſe being produced cannot paſs through 
the pupil DE, though by refraction they may 
diverge leſs in the aqueous humour, but they fall 


upon the iris: therefore the rays that will paſs 


through the pupil muſt comprehend an optical 
angle which is leſs than a right angle. 

§. 992. Therefore the wider the pupil is, ſo 
much greater the optical angle may be, and on 
the contrary : hence it is underſtood, why a 
large and near object cannot be ſeen at one view; 
and why the whole of it may be ſeen, when 
viewed at a diſtance. 

$. 993. If the ſame object BC be placed at 
various diſtances from the eye O, it will always 
appear to be ſo much the leſs as it is more remote 
from the eye: for the optical angle BOC is leſs 
than the angle boc. 

| F. 994. The apparent magnitude of objects is 
in a reciprocal ratio of the diſtance from the eye: 
for the apparent magnitude depends on the opti- 
cal angle, which decreaſes when the diſtance in- 


creaſes. The object BAC is ſeen under the an- 


gle BOC, which if it be little, the right line 
CAB will not ſenſibly differ from the arch 
CAB. This being divided into two equal parts 
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at A, makes the angle AO C to be half BOC. 
Now let the object AC be pi in c, at half 


the diſtance OC, and Ec will appear under the 
angle EOc, which is equal to BOC, or as big 
again as in AC. | 

§. 995. Let OKF be an eye, upon whoſe 
retina the image K F of the object BC is painted; 
therefore the magnitude of the object B C will 
be to the magnitude of the image F K upon 
the retina, as CO to OF. Therefore if BC 
be a tower 4000 inches high, which is ſeen at the 
diſtance of a mile, or of 120000 inches, the image 
KF will be leſs than , part of an inch. 

§. 996. Since the image of a great object is 
very ſmall upon the retina, many points of the 
object emit rays, which fall upon the ſame ner- 
vous fibril of the retina, which therefore is agitated 
by different concuſſions at one and the ſame time, 
and can repreſent nothing diſtinctly to the mind; 
wherefore the parts of a very remote object can 
never be diſtinctly ſeen. He that has the ſharpeſt 
ſight can never diſtinguiſh ſtars in the heavens 
that ſubtend an angle leſs than 30 ſeconds. The 
greateſt part of mankind can hardly diſtinguiſh 
objects that ſubtend an angle of a minute. If a 
white circle be fixed upon a black wall, and is il- 
luminated with 3 it can hardly be ſeen 
by the moſt acute eye when it ſubtends an angle 
only of forty ſeconds, or when the diſtance from 


the eye exceeds the diameter of the circle 5156 - 


times; for then the image of the circle in the 
eye is only +, part of an inch. 
$. 997. Alſo the mind judges of the diſtances 


of objects by the aſſiſtance of ſight, which is 


performed after various manners. 


Firſt from the angle which is formed by both 
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the optical axes CA and DA meeting in A. But Tab. 2; 
| 14 this Fig. 2 
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this concourſe is made by the motion of the eye, 
which is ſenſible to us in ſmall diſtances; ſo that 
by the magnitude of the angle C A D we accuſtom 
ourſelves to judge of the diſtances of near objects. 

Hence if we are uſed to judge of diſtances by 
the help of both eyes, we cannot diſtinguiſh them 
by one eye alone; for then the angle CAD is 
not formed ; as appears from hence. If we tie a 
little bit of a ſtick croſs the other, and a little 
ring be hung up at the fame height as the eye, at 
the diſtance of two or three feet from it; when 
either of the eyes are ſhut, we ſhall not be able to 


make the ſtick paſs over the ring, no not at ſix 


hundred trials, which when both eyes are open we 
ſhall do without any difficulty: yet one-cyed peo- 
le learn to know diſtances by long uſe. Now 
— in greater diſtances there is hardly any 
difference in the angles CAD, ſuch at leaſt as is 
diſcoverable by the eye, we cannot by any means 
form a ſure judgment about great diſtances. 
Secondly, we judge of diſtances from the ap- 
parent magnitude of known things, compared 
with their real magnitude. | 
Thirdly, alſo from the apparent image being 
either diſtinct or confuſed; for the more diſtinct 
the image is, ſo much the nearer the object has 
been uſed to be. | 
Laſtly, from the ſtrength and vivacity of the 
light reflected from objects, which is leſs from 
the more remote, and contrarywiſe. And though 
we may call to our aſſiſtancè all theſe four man- 
ners together, yet by ſight alone we ſhall never 
diſtinguiſh the true diſtance of objects: yet con- 
ftant and daily exercife enables us to judge tolc- 
rably well of ſmaller diſtances. "LEP 
§. 998. But there are innumerable other cir- 
cumſtances about viſion, which we muſt not 
| undertake 
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undertake to diſcuſs in theſe elements. I ſhall 
only propoſe ſome of the more entertaining of 
them, under the form of problems. 

_ Firſt, when we have been for ſome time in a 
place much illuminated, and then go into ano- 
ther much leſs bright, why do the objects at firſt 
ſeem obſcure? Nay, why are we blind as it were 
for ſome time? becauſe in an illuminated place 
the pupil is contracted, that the retina may re- 
ceive no injury from the multitude of rays, though 
it will be very much affected. And ſecondly, 
when the mind has been accuſtomed to attend to 
theſe greater motions, 1t does not perceive theſe 
leſſer influences, When in this condition any one 
ſhall enter a darkiſh place, as now a very little 
light paſſes through the pupil, and the retina will 
be but little affected by it, the mind having been 
accuſtomed to ſtronger impreſſions hardly per- 
ceives any thing. Hence follows ſome kind of 
blindneſs, and all things continue obſcure, till the 

upil by degrees 1s a little enlarged, and more 
Toki paſſes through it, and the mind can accom- 
modate itſelf to milder impreſſions. 

Secondly, cannot a man that is in darkneſs 
eaſily ſee thoſe that are in open day-light, but 
on the contrary cannot be ſeen by them ? Becauſe 
he receives a great plenty of light which 1s re- 
flected by them, but the very little light which is 
reflected from him to them will much leſs affect 
their retina, than the other luminous objects in 
open day ; therefore the mind does not attend 
to thoſe leſſer concuſſions. 

Thirdly, whence are thoſe lateral rays, which 
ſeem to adhere to the extremities of the flame of 
a candle, to an eye either winking or full of 
tears? Mr. de la Hire has explained theſe ver 

» Memo:r, Mathem, p. 277. 62 
well, 
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well, and at the ſame time has ſhewn Mr. Rohaul:'s 
miſtake. Let B be a candle, H and I the eye- 
lids, which in winking wipe away the moiſture of 
the eye. This being gathered together, and ad- 
hering to the eye and eye-lid, forms a kind of tri- 
angle. As the light of the candle falk upon this, 
and indeed upon the top of it, it is refracted, and 
is ſpread upon the retina between D and L as the 


Trays refracted by a 2 form an oblong image : 


ſo that a ſtreak DL will adhere to the image of 
a candle upon the retina, which will be judged to 
proceed from the lower part of the candle, and 
more particularly from BM. Thus alſo from the 
humour at I rays will be diſplayed between X and 
K, which will ſeem to be derived from BN: 
therefore if an obſtacle be interpoſed at P, that 
intercepts the upper rays of the candle, the ſtreak 
DL vaniſhes, or the rays BM will be loſt. But 
this moiſture at the eye-lids H and I will be 
more copious in an eye full of tears, and then the 
henomenon will become more ſenſible. 

Fourthly, if a man rubs or ſqueezes his eye in 
the dark, why do ſparkles of fire ſeem to ariſe ? 
Is it not becauſe when we ſee, the light is uſed to 
ſhake or ſqueeze the nervous fibres of the retina, 
and when the nerves are preſſed in a like manner 
by the vitreous humour, though by another cauſe, 
the mind will form the ſame judgment ? Therefore 
if now the fibrils are preſſed, as before by ſome of 
the coloured rays, the mind will perceive the 
ſame colours. This happens when in the dark 
we preſs the corner of our eye, that it may with- 
draw farther from our finger; for then we ſee a 
circle painted with ſuch colours as are in a pea- 
cock's tail. Then our finger and eye being at 
reſt, in a ſecond of time the colours vaniſh, which 
again return on ſqueezing the eye, 

_ Fifthly, 
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Fifthly, why is a fiery circle to be ſeen, if we 
light up a match, and then whirl it ſwiftly about ? 
Becauſe the extremities of the nerves ſtand out like 
a ſhag, which when ſhaken tremble for ſome lit- 
tle time with an oſcillating motion, and while this 
continues the mind perceives the object. It is 
probable that they continue for the ſpace of a 
ſecond, as we may collect from the obſervation 
about colours, that ariſe from the preſſure of the 
eye with our finger in the dark. If therefore the 
ſtring be whirled about with ſuch rapidity, as that 
it finiſhes it's rotation within a ſecond, the light 
emitted from it in a certain point of the circle, and 
exciting a tremulation of the nerve in the eye, 
proceeds again from the ſame point of the circle, 
and again affects the ſame nerve, before the for- 
mer tremulation has quite ceaſed. Therefore the 
nerve will continue to tremble in the ſame man- 
ner, as if the lucid body had always continued in 
the ſame point. And ſince the ſame things hap- 
pen in every point of the orbit deſcribed by the 
match, it will all ſeem to be a fiery circle. For 
the ſame reaſon a ftring ſtretched and vibrated 


very ſwiftly will not only ſeem to be two, but ap- 
ears of that thickneſs and figure which the path 
15, which it deſcribes by moving to and fro. 


Sixthly, why is the aqueous humour wanting 
in the eyes of fiſhes, and why 1s the cryſtalline 
lens of a globular figure ? Becauſe to animals that 
ſwim in water the aqueous humour would be uſe- 
leſs; for the rays coming out of water into an 
aqueous humour would not be refracted. As 


therefore viſion, which in us is performed by a 


threefold refraction, is performed by two only in 
fiſhes, a lens much more refracting was required 
than that in human eyes, and therefore 1t is glo- 
bular, by which alſo they can ſee more objects. 

| Hence 
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Hence divers ſee objects confuſedly under water, 
unleſs they uſe magnifying glaſſes. 

Seventhly, when we behold the ſame object C 
with our right eye B, do we not refer it to the 
place D; and viewing it with the left eye A, do 
we not refer it to the place E, and ſeeing it with 
both our eyes together, do we not refer it to a 
place which 1s intermediate between D and E, be- 
cauſe we judge objects to be placed in that right 
line, in which the rays emitted from them ap- 
proach to the eyes? And the mind tacitly cor- 
rects the places of the object ſeen at D and E, by 
taking an intermediate point F? 

Eighthly, why do infants that are new born for 
the firſt four or five weeks diſtinguiſh no objects, 
nor exerciſe the faculty of ſight ? which alſo hap- 


pens in many other animals. Becauſe in infants 


the cornea is much groſſer than in adult perſons. 
Beſides it is flatter, ſomething wrinkled, and leſs 
tranſparent. But chiefly becauſe their eyes have 
no aqueous humour, or in too little quantity, ſo 
that the refraction of light, neceſſary for diſtinct 
ſeeing, cannot be performed 1n their eyes. There- 
fore there muſt be time allowed till the aqueous 
humour has filled both the chambers, till the 
cornea is propelled outwards, till it is condenſed, 
and the wrinkles are ſmoothed. 


NATURAL PHILOSOPHY. 125 


C HAP. XXXIV. 
DIUETRIERS, 


$. 999. R OM whatever point of the obje& 
rays are emitted, which diverge 

from one another, when they arrive at the eye the 
mind judges that they came in the ſame right 
line, 1n which they fall upon the eye, Therefore 
it ſees every point of the object in that place, in 
which theſe rays meet, when continued back from 
the eye to the object. 

$. 1000. If therefore the rays are refracted by 
the medium, through which they paſs, and thus 
come to the eye, the mind will judge them to 
have come from that point of the object, when 
put in that place, in which the rays meet when 
produced back from the eye. 

§. 1001. If the veſſel CB CB be filled with Tab. 16. 
water, to a ſpectator MR that views the veſſel Fig. 3. 
downwards, it's bottom will ſeem to be raiſed. 
For let a point A be conceived at the bottom, 
(and the ſame will obtain of the whole bottom) 
and let it be illuminated by the light be A; from 
it the rays Ag, Az, proceed diverging, which 
coming out of the water into the air, and being 
refracted by receding from the perpendicular ff, 
will be carried to g M, z R. Now the eye at 
MR receives them, as if they had come from a 
nearer point a, ſo that the point A will be ſeen at 
a, .or the bottom will ſeem to be raiſed. The 
true place of the point a will be known, if AaS 
is drawn perpendicular to the ſuperficies of the 
water CC, and it AS be taken in proportion to 
48, as 4 to 3. 
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The ſame thing will happen, if a piece of mo- 
ney be put at the bottom P of an empty veſſel, 
and a ſpectator S retires ſo far, as that he can no 
longer ſee the money, becauſe the ſide of the 
veſſel CB is interpoſed ; then if water be poured 
into the veſſel, the ſpectator S will ſee the money 
as if raiſed to f, by means of the refrafted ray 
PCS. 

$. 1002. Hence alſo may be underſtood, by 
what means an entire oar C DO, ſeen obliquely 
in clear water AB, exhibits the appearance of 
one that is broke C DN. For let us conceive E 
to be a point of it under the water, from whence 
rays EG, EK, are emitted, which being refract- 
ed become GH, KP. Therefore the eye placed 
in HP ſees theſe, as . had come from the 
point F; ſo that part of the oar DO will a 
. the right line DN. Fe 

F. 1003. If a glaſs be placed between the eye 
Z and a point of an object A, the two ſurfaces of 
which BB, CC, are parallel to one another, and 
the axis of the eye 1s perpendicular to theſe ſur- 
faces; the object A will appear to be nearer the 


glaſs in a. 


For the rays Ag, Ac, at their entrance into 
the glaſs, are refracted towards the perpendicular, 
and brought into the path eb, gk; and at their 
going out into air, they recede from the perpen- 
dicular into bp, kn, which being produced back- 
wards meet at a, and are parallel to Ag, Ae. 

$. 1004. The object AE ſeen through a plain 
glaſs BB CC, ſeems to be enlarged. 

The angle under which it would be ſeen, if 


the glaſs were taken away, is AQE. But the 


ray Ag 1s refracted by the glaſs to g L, and the 
other ray Ek to KL, both which at going out 


of the glaſs into air, are refracted in LQ to Q. 
| Wherefore 
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Wherefore the eye receives theſe under the angle 
a Qe, and therefore the object AE will appear 
of the magnitude a e, if it be ſeen in that place. 
But ſince it appears nearer, by F. 100g, it will 
ſcarcely be enlarged. 


F 1005. If a glaſs of many ſides ABCD be Tab, 16. 
interpoſed between the object F and the eye O, Fig. 7. 


the object F will appear to be multiplied. _ 
By means of the rays that paſs through BC, 
A D, the object will be ſeen by the eye O to be 
in the right line OF. And by means of the 
rays F X falling upon the ſuperficies CD, and re- 
fracted at X and H, and thence paſſing to O, it 
will be ſeen in L. And by means of the ray 
FZ, incident at BA and refracted at K, and 
thence to O, it will be ſeen in M. | 


$. ro0b. Images formed by the refractions of Tab. 13. 
plain ſuperficies are like their objects, always Fig: 7- 


erect, alike poſited as the objects, and lye on the 
ſame ſide. 

Let PQR be an object radiating upon the 
plain refracting ſuperficics A CB, to which let 
the perpendicular PA, QC, RB be drawn, in 
which let there be taken the parts A p to AP; 
Cq to CQ, and Br to BR, in the ratio of the 
ſine of incidence to the fine of refraction. Then 
the foci p, q, r, will conſtitute a like image, and 
having a like ſituation with the object, fince the 

arts pq, qr, are in the ſame ratio as PQ, QR. 
his is evident of itſelf, ſince the object is pa- 
rallel to the refracting ſuperficies. But if it be 
inclined to it, let it be produced till it cuts it in 
D, alſo the image being produced will cut this 
in D. For let the perpendicular Br R approach 
to D, and ſince the lines Br and BR are to one 
another in a given ratio, they will vaniſh toge- 
ther. And becauſe the triangle p DP is cut by 
| ene 


D 
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the parallel lines q Q and r R, it will be as pq to 
PQ, ſo is q D to QD, and fo is qr to QR. 
And therefore pq. qr: : PQ. QR. In like 


manner, if the rays coming to the foci p, q, r, 


Tab. 16. 
Fig. 8. 


Tab. 16. 
Fig. 9. 


are refracted by another plain ſuperficies, whether 
parallel or inclined, their ſecond foci will form 
another image like to the former, and like the 
object. 

$. 1007, If between a point of the object A 
and the eye O be placed a lens of glaſs that is 
convex on both ſides, the point A will appear in 
a, which 1s more remote from the lens than the 
object itſelf. The rays Ab, Ab, emitted from 
A, and falling upon bb, are refracted towards 
the perpendiculars pp, and fo become leſs di- 
verging. At their going out of the ſuperficies 
cc they are refracted from the perpendicular c q. 
by which they are made ſtill leſs diverging, in 
cd, cd, Theſe protracted backwards meet at a, 
and therefore enter the eye O as if they had pro- 
ceeded from the point a. 

$. 1008. An object AE, viewed through a 
lens by an eye O near the lens, alſo appears en- 
larged. For the rays Ab, Eb, tranſmited from 
the extremities of the object A, E, and falling 


upon the lens LK are refracted, that going out 


again they may converge the more to O, and 
form the angle c Od greater than A OF, under 
which the object would be feen without the lens; 
by which the object will appear enlarged. But 
whereas it is ſeen alſo in a more remote place a e 
by F. 1007, it will appear much more enlarged. 

$. 1009. If the lens be ſpherical and concave, 
the object ſeen through it will appear as poſited 
between the object and the eye, nearer the lens, 
leſs in magnitude, and upright, 


Let 
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Let A be a point of the object, emitting di- Tab. 16. 
vergent rays Ab, Ab; theſe refracted in the lens Fig. 10. 
will be more divergent to ee, and at going out 
will farther diverge in ed, ed. Therefore the 
eye placed in dd receives the rays as if they had 
come from a nearer point 4. This point a is 
the imaginary Focus. HR 

Now let there be an object AE, which by an Tab. 16, 
eye at O is ſeen under the angle AOE. Let a tis: 11: 
concave lens SS be placed in the middle, then 
the rays emitted from the extremities A and E, 
which can arrive at the eye O, are Ab, E b, 
which refracted are be, be; and then they go on 
in the paths c O, cO; now ſince the angle cO c 
is leſs than A OE, the object will appear leſs in 
a e, and erect. | 

$. 1010. If an arch of a circle PQR be de- 
ſcribed from the centre of the lens E, and this be 
conſidered as the object, it's image pq r will be a ve 
like concentrical arch. It's length will be to the Tab. 13. | 

length of the object in the ſame ratio as their di- Fig 8, 9, 
ſtances from the common centre E, and the image 7*: 
will be erect or inverted in reſpect of the object, 
according as it lies on the ſame or the contrary 
ſide. 

The propoſition will be evident in all concen- 
trical ſuperficies, from the bare inſpection of fig. 
8. becauſe the parts of theſe ſuperficies are alike 
oppoſite to the parts of the concentrical object. 
But in the lens the foci of the parallel rays lye in 
the concentrical arch GFH, ſince Pp and Qꝗ 
are third proportionals to the diſtances PG and 
PE, as alſo to QF and QE; and therefore the 
image Pqr is a concentrical arch. Becauſe the 
axes of the rays are conſidered as right lines paſ- 
ſing through E, the angles pEr and PER will 
be equal ; therefore the ratio of the magnitude 

Vol. II. K of 


130 


The ELEMENTS of 


of the image to the object will be as the ratio of 
their diſtances from the point E. As therefore 
the extremities P and ꝓ lye on the ſame or oppo- 


| ſite fide from E, ſo allo Q and q will lye, and 


likewiſe Rand r. | 

1011. The leſs the circular Object POR is in 
reſpect of the diſtance from the point E, ſo much 
the more it approaches to a right line, which alſo 
obtains in the image; therefore a plain object at 
any notable diſtance from the lens, will have 
nearly a plain image. i 

$. 1012. If the eye be that of a man in years, 


which, becauſe of the cornea or the cryſtalline lens 


being too flat, cannot ſufficiently refract the di- 
verging rays of near objects, ſo as to make them 
meet upon the retina; by means of a convex lens 
put before it, the rays tranſmitted from objects 
may be made leſs diverging, ſo as they may be 
more eaſily refracted by the eye, and made to 
meet upon the retina ; wherefore old men, by 
means of a perſpective-glaſs, may again clearly 
and diſtinctly perceive near objects. 

$. 1013. The ule of perſpective-glaſſes is not 
very ancient, although it has been long known, 
that many things may be ſet on fire by the rays 
of the ſun paſſing through ſpheres of glaſs. The 
invention of lens's for the ule of old men ſeems 
ro have been between the years 1280 and 1311, 
Roger Bacon *, Alexander de Spina and Salvinus 
Armatus *, alſo were acquainted with their uſe- 
fulneſs. 

$. 1014. Becauſe ſhort-lighted inen refract the 
rays of objects too much by their eyes, and there. 
tore ſee only objects that are near them diſtinctly, 

Ferſpect. p. 3. d. 2 
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Act. Lipſ. An. 1740. 
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the rays of which have a great divergency, but 
refract too much the rays of remote objects ; 
theſe may alſo ſee objects diſtinctly by means of 
a concave lens, which will diſperſe the rays more 
from one another. 

F. 1015. If a convex lens is a portion of a 
lefler ſphere, or if it be a whole ſmall ſphere, it 
will very much enlarge objects, ſo that all their 
parts may appear diftinct; and then it is called a 
Microſcope. The whole Microcoſ m has been diſ- 
covered in this laſt age by the help of ſuch lens's. 
The chief obſervers ſeem to have been F. Stelluti, 
and he indeed was the firſt, having deſcribed the 
molt minute parts of bees in the year 1625. Then 
afterwards were P. Borellus, Power, Hooke, Grew, 
Malpighi, Leewenhoek, Bonannus, Griendelius, Job- 
lot, Reaumure, who have given us microſcopical 
obſervations, to the great improvement of ſcience. 

$. 1016. That it may be underſtood of what 
magnitude an obje& appears to be, both when 


ſeen with the naked eye, and alſo with the Mi- 


croſcope, let PQ be ſuppoſe to be the object, 
which 1s 1n he focus o 
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which the eye being placed, it will perceive the Fig 12. 


object diſtinctly under the angle PE Q. But let 
the natural eye be removed to the diſtance L 
in order to ſee the object diſtinctly; the angle 
PL Q will be that, under which the object will 
be ſeen. But the angle PEQ 1s to the angle 
PLQ as LQ to QE. And the apparent mag- 
nitude of an object is as the optical angle; io 
that the magnitude of an object ſeen through a 
Microſcope, will be to that ſeen by the bare « eye, 
as LQ to QE. 

$. 1017. But if a ſingle lens does not ſuffici- 
ently enlarge the object, another lens, and even a 
third may be added; which invention is owing 
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to Drebbelius, a Hollander, who in the year 162t 
exhibited ſuch a compound Microſcope, as Huy- 
gens teſtifies :. This was afterwards improved 
and corrected by various artifices ; as allo how 
the objects might be illuminated by plenty of 
light, much enlarged and made diſtinct, and that 
great portions of them might be examined at one 
view. In theſe compound Microſcopes the leaſt 
lens is placed near the object, and therefore is 
called the object- lens; and that which is near the 
eye is the ocular lens. But how the rays are to 
paſs through theſe lens's, may be ſufficiently un- 
derſtood by an inſpection of the figure ; as alſo 
how the object AB may be illuminated by a ſpe- 
culum 88. 

§. 1018. Of a convex and a concave lens, 
placed in a tube at a certain diſtance from one 
another, a machine is compoſed, which 1s called a 
Teleſcope ; by the help of which objects that are 
remote may be ſeen diſtinctly, enlarged, and 
erect. The rays emitted from objects, or reflect- 
ed by them, arrive at the eye in the following 
manner, as Molyneux has very well explained. 
Let the object be A BC, from .whoſe higheſt 
point A proceed three rays, a, a, a, from the 
middle point B the three rays b, b, b, and from 
the loweſt point C the three rays c, c, c. Thele 
croſs one another before they enter the tube, 
and having entered the tube they fall upon the 
convex lens Z Y X, which is called the object- 
lens; by which they are refracted that they may 
meet at f, e, d, and there paint an image of the 
object. A concave lens GL. is put between the 
concourſe of the rays and the object-glaſs, at 
ſuch a diſtance from this concourſe, as is equal to 


« Dioptrica, p. 221, 
that 
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that of the imaginary focus of the concave lens. 
This lens, which 1s called the eye-glaſs, by it's 
refraction makes thoſe rays parallel, which pro- 
ceed from one and the ſame point of the object, 
and cauſes them to diverge to T and R. The 


eye receiving theſe parallel rays, as if ſent from. 


a very remote object, refracts them that they may 
meet upon the retina, and paint the image of the 


object in TER ; which ſince it lies in the fame Tab. 17. 
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ſituation as if the object had been viewed by the Fig. 4. 


naked eye, it will appear in an erect poſture and 
diſtinct. And whereas in Fig. 3. it appears un- 
der the angle T Pe, to which fhe is equal, and 
which is much greater than the angle fy e, 
under which it would be ſeen by the naked eye ; 
the object will appear enlarged in the ratio of ey 
toeh. The vilible aperture depends, partly on 
the magnitude of the object-glaſs, partly on the 
aperture of the pupil; which being ſubject but 
to ſmall mutations, this Teleſcope, to which the 
eye is to be put very cloſe, requires only a ſmall 
concave lens. And hence it can only be ſhort, 


hardly above a foot long, ſo that it is of but lit- 


tle uſe in viewing very diſtant objects. 

$. 1019. This tube is called Batavian, becauſe 
it was found out in the Low Countries, at Middle- 
burg in Zealand, and was there conſtructed by 
Zachary Johannides and Jobn Lipperbey, about the 


year 1590 *. Though the invention is by ſome 


aſcribed to Metius, by others to Porta“, by others 
to Galileo, but not with ſo much reaſon. It is 
not probable it. was known to the ancient Zgyp- 
tions , or that by it's aſſiſtance ſhips could be 
di ſcovered at the diſtance of 600 miles, from the 


a P. Borellus de Teleſcop. Invent. 
d Kepler in Nunc. Syder. p. 10. 
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K 3 watch- 


— — ——— — — — 


134 


Tab. 17. 
Fig. 5. 


The ELEMENTS of 


watch-tower that was erected in Pharos of Alex- 
andria. For this could not be done by reaſon of 
the curvature of the earth's ſurface, 

S. 1020. Kepler was the firſt that ſupplied the 
defects of the Batavian tube, deſcribing his emen- 
dations of it in his opticks publiſhed 1611. For- 
tana aſſumed the invention to himſelf, An. 1608, 
which others aſcribe to Rheita, who publiſhed his 
work in the year 1645 *. And thus aroſe the 
Aſtronomical Teleſcope, conſiſting of two lenſes, 
which were convex on both ſides. Let there be 
a very remote object ABC, from whoſe higheſt 
point A rays are emitted, denoted by the little 
lines a, a, a, and from B the rays b, b, b, and 
from C the rays c, c, c, as denoted by points. 
Before theſe rays enter the tube they ſomewhere 
inter ſect one another, and falling upon the object- 
glaſs X VZ, they are refracted by it, that they 
may meet in their foci f, e, d, and there paint 
the image of the object. Let the eye-glals be 
ghl, as far removed from the foci f, e, d, as is 
the diſtance of that focus, the rays being ſup- 
poſed parallel. Likewiſe let e h be the diſtance 
of the focus from the eye-glaſs gh I. The di- 
ſtance J h will be equal to the ſum of the di- 
ſtances of both foci. Let the eye O be ſome- 
thing more diſtant from the lens than is it's fo- 
cus; the object will appear diſtinct to it, enlarg- 
ed, but inverted. And it's amplitude depends 
on the magnitude of the eye-glaſs. To the nak- 
ed eye the object would have appeared under the 
angle a Vc, to which 1 Vg is equal. But through 
the Teleſcope the object is ſeen under the angle 
10g, which angles are in the ratio of hO to Y y, 
or of he to e; that is, as the diſtance of the 
eye-glaſs to that of the object-glaſs. 

* Fiſt, Acad. Reg. I. 5. S. 1. c. 7. 
N §. 1021 
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F. 1021. Becauſe terreſtrial objects appear in- 
verted through this tube, and therefore are not 
very eaſily known, two other eye: glaſſes have 


been added to this teleſcope, ſo that it is com- Tab. 18. 
oſed of four lens's, of which the three eye- Fig. 1. 


glaſſes are ſet at an equal diſtance from one ano- 
ther. The rays paſs through theſe, as is exhibit- 
ed in the ſcheme, and thus the object will appear 
erect, nearer to the eye, and magnified, as in 8. 
1020, 

1022, Teleſcopes of this kind of 20 feet long, 
and ſcarce longer, may ſerve for viewing terre- 
ſtrial objects; and that becauſe of the continuaÞ 
motion of the aerial particles, which becomes vi- 
ſible, and is the reaſon that objects ſeem to be at- 
fected with a tremulous motion. 

$. 1023. Theſe dioptrical Teleſcopes are ſub- 
ject to ſome defects, becauſe of the different re- 
frangibility of the rays. For let there be a glaſs 
AB, and parallel rays EA, CI, FB; let the 


leaſt refrangible rays meet one another in G, the Fig. 2. 


greateſt in H:; there it will be GI to IH, as 28 
to 72, and GH will be + of GI. T hrough G 
let KL be drawn, and MN through H, perpen- 
dicular to the axis CIG. Then MN will be 2 
part of the breadth of the glaſs AB, and KL 
will be ; therefore OP, which is the leaft 
ſpace in which the rays are collected, will be 
nearly half MN, and therefore ½ of AB. There- 
fore the rays proceeding from one point of the 
object will not meet in a point behind the glaſs, 
and conſequently every point of the object will be 
ſeen but indiſtinctly. This error is increaſed in 
the paſſage of the rays through the eye-glaſſes; 


and thus through teleſcopes objects appear as 


tinged with colours. When the great Netoton 
perceived theſe defects, and many others, he cor- 
K 4 "rected 
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rected theſe teleſcopes, and ſubſtituted reflect- 


in the next chapter. : 


<- 2 
a OO A * } ( 7 * 
NN 
— * A * 4, þ 4 * * 1 
1 1 W 
HAP. XXV. 
eee 


7 . 
- 


I G 
body, and impinging upon objects, 
is reflected all round about, if the ſurfaces of 
thoſe objects are rough and uncqual; but if the 
ſurfaces are imooth and poliſhed, the light will 
be reflected according to ſome particular direction. 

$. 1025. The reflexion of light is performed, 
either by the anterior ſurface of a body, if it 
be opaque ; or by the poſterior ſurface if the 
body be pellucid; or by both in tranſparent bo- 
dies. 
1 §. 1026. Sir Jaac Newton has diſcovered, and 
| |. demonſtrated at large *, that the reflexion of light 
I buy the anterior ſuperficies is not to be imputed to 
it's ſtriking againſt the ſolid parts of bodies, but to 
certain repelling forces proceeding from the bo- 
dies, and acting beyond the ſurfaces. For when 
a ſmall beam of the ſun falls upon a hair, thread, 
needle, ſtraw, and ſuch like bodies, a much 
greater ſhadow is projected by them, than can 
3 from tangent rays. And the ſame thing 

appens if they are ſurrounded by water. And 
therefore the light is diverted from it's ſtrait wa 
by a force that repels it, and iſſues from the 
bodies, | 

Firſt, let the ſuperficies of metal or glaſs be 


§. 1024. 


* Optic. I. 2. p. 3. F. 8. 1.3. 
it. 


ing one in their ſtead; of which we ſhall treat 


itted from a luminous 


rough; and Tight will be diſperſed every way by 
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it. Let the ſuperficies be poliſhed, which is per- 
formed by rough powders. The greateſt part of 
the roughneſs will be taken away from the ſuper- 
ficies, yet it will ſtill continue very uneven, be- 
cauſe of the ſcratches which are made by the pow- 
ders, as alſo by reaſon of the pores of the body. 
Notwithſtanding which, no ſooner 1s the poliſhing 
in ſome meaſure performed, but the ſuperficies 
of the body begins to ſhine, and to reflect light 
regularly, as if it had been completely poliſhed. 
Nov this could not obtain, unleſs there were ſome 
force extending beyond the ſuperficies of the bo- 
dy, which reflected the incident rays before they 
could arrive at the ſolid parts of the body. 
Secondly, this force therefore forms a kind of 
virtual ſuperficies, which reflects light. Unleſs 
it were ſo it can hardly be conceived how it 
comes to paſs, that in glaſs ſpecula we obſerve 
only two images of objects, and not innumerable 
images. For this would be the caſe if it were 
the ſolid particles that reflected light. For in the 
glaſs there are many ſtrata of ſolid parts, cach of 


which, by reflecting the light, would produce a 


variety of images. 


Thirdly, nor is it the poſterior ſuperficies of bodies 


that reflects light, but the attracting force, which 
proceeding out of that ſuperficies draws back the 
rays that were going out of the body, and ſo re- 
pels them, as we have exhibited in Tab. 11. Fig. 
For this poſterior reflexion or rather inflexion 
of light, and it's return, is brought about as ſoon 
as it falls more obliquely than under an angle of 
40 or 41 degrees, at it's going out of glaſs into 
air or vacuum. Therefore it cannot be conceived 
how air, which is a very rare fluid, ſhould ſto 
up the pores of the glaſs, whereas at a leſs obli- 
quity it ſuffers the approaching light to 78 
ut 
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But the air has no ſhare in this, becauſe in vacuo 
the light returns more ſtrongly, and leſs of it 
ſeems to go out of the glaſs. For here is nothing 
that can ſhut up the pores of the glaſs. Now re- 
Rexion 1s not performed by the ſolid parts of the 
claſs that conſtitute the ſuperficies. For when 
water, oil, or another glaſs is added to the ſu- 
perficies, there is no reflexion of the light, but it 
paſſes through. But then the ſolid parts of the 
ſuperficies are not changed. What is changed 
then? Why, the action of the attrafting virtue, 
becauſe of the attracting power of the water, oil, 
or the other glaſs that was added. | 

$. 1027. Therefore there is a two-fold return 
of light from glaſs and other pellucid bodies. 
That which is made by the anterior ſurface ariſes 
from a repelling force; that which is made by 
the poſterior ſurface ariſes. from an attracting force. 
Let there be a body A BCD, out of whoſe up- 
per ſurface A B there proceeds a repelling force 
as far as IH, and an attracting force as far as K L. 
The ray OP falling very obliquely upon the re- 
pelling force I H, is much retarded, is inflected at 
Q, repelled into the path QR, and reflected to 
RS. But if a ray op had fallen upon IH leſs 
obliquely, it will go ſtrait forwards with a great- 
er force, though a little drawn out of it's way ; 


ſo that it will deſcribe a ſmall curve pq, arriving 


afterwards at the attractive force K L, where it is 
accelerated, and deſcribes the curve q r in another 
ſituation. The return of light from the poſterior 
ſuperficies is deſcribed in &. 1026. All tranſparent 
bodies ſcem to be ſurrounded by two ſuch dif- 
ferent forces. 

F. 1028. Hence we may underſtand what bodies 
are opaque. Firſt, atoms that are without pores. 
Secondly, particles whoſe pores are too narrow to 

= tranſmit 
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tranſmit light. Thirdly, the greater bodies from 
whoſe ſuperficies there proceeds a ſtrong repelling 

force. Fourthly, large bodies whoſe parts leave 
ample pores between, and which are at a great 
diſtance from one another, ſo that they can exert 

their whole force of attraction upon light; by 
which it comes to paſs, that light is tranſmitted 

in continued curve: lines to the ſeveral particles, 

is unequally reflected by them, and ſo being as it 

were intercepted is hindred from paſſing, or af- 

ter it has paſſed 1t goes out with an irregular mo- 

tion, and cannot any more be ſeen. Therefore as Tab. 15. 
ſoon as the pores of theſe bodies are filled with Fig. 6. 
any medium that attracts light, the light can no 
longer be impelled by ſo irregular a motion, or 
move in the fame curves by the attracting force 

of the parts; but the attracting forces conſpiring 

with thoſe of the medium, and allo of the parts, 

the light will move in right lines, and therefore 

will paſs through the body, as may be gathered | 
from an inſpection of the ſame ſcheme. 

F. 1029. Therefore by filling the pores of the 
body, of opaque it becomes tranſparent. The 
more that medium which fills the pores ſhall at- 
tract light, ſo that it may act upon it with the 
ſame force as the parts of the body, the more 
tranſparent the body will become. All this is 
confirmed by experience. Clean white paper is 
generally opaque ; but fill it's pores with water, | | 
or moiſten the paper, and it will be tranſparent. | 
But if you fill the pores with oil, this attracts | 
light more forcibly than water, and the paper will | 
become much more tranſparent, But all kinds 
of oil do not equally attract light. The great 
Newton has obſerved, that oil of turpentine has 
a refracting force, which is to that of oil of olives _ 
as 13222 to 12607, Therefore dip your paper 

| in 
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in oil of turpentine, and it will then be almoſt as 
tranſparent as glaſs, and much more fo than if 
dipped in oil of olives. | 

If the cleareſt glaſs be beaten to powder, it 
will be very white, but altogether opaque, as 
will appear when laid upon a glaſs plain. Fill 
the pores of the powder with water, and it will 
begin to be ſomething tranſparent, Fill the 
pores with oil of turpentine, and it will then be 
tranſparent. Make the parts again to approach 
nearer by melting the powder, and it's tormer 
tranſparency will return. 

Shake the tranſparent white of an egg into a 
froth, and the froth will be very white, but 
opaque. When it ceaſes to froth the former 
tranſparency will return. 

Shake vinegar and vil of olives together, and 
though each is tranſparent by itſelf, yet when 
conjoined the fluid is very opaque. 

Water is very tranſparent ; let it be reduced to 
vapour by means of fire, and it is much leſs tranſ- 
parent. Hence in the laboratories of dyers and 
brewers there 1s ſo great a darkneſs, ariſing from 
the vapours. And hence theſe riſing vapours, as 
alſo the ſmoke of chimnies, form dark clouds 
floating in the atmoſphere. The ſtone called 
oculus mundi is opaque, but it becomes tranſparent 
when it's pores are filled with water. The great 
Huygens has obſerved ſomething like this in gypſe. 
For when he had put ſome gypſe about Mr. 
Boyle's receiver, which had been ſteeped in water 
like lime, the matter was yet opaque ; but after 
he had put turpentine and oil to it, this pene- 
trating into the pores of the gypſe made it tranſ- 
parent, From hence alſo it may be eaſily under- 


* Philoſ. Tranſ. No. 122. 


ſtood, 
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ſtood, why ice 1s tranſparent when it is firſt ge- 
nerated, and why afterwards it becomes opaque, 
as ſoon as bubbles are produced in it, either from 
the intercepted air, or from any other cauſe. But 
there are many other like phænomena, the reaſon 
of which will be obvious. Pure metals, becauſe 
very homogeneous, are not of much uſe for form- 
ing ſpecula; but if ſeveral are mixed together, 
though then the parts of the mixture will not be 
very congruous, and but little cohere, intercepting 
irregular pores, yet thence a certain metal ariſes, 
which reflects light very ftrongly, and is very fit 
for making fpecula *. 

$. 1030. Yet it is not to be thought, that light 
is therefore a body different from all other bodies, 
becauſe it does not paſs through the open pores 
of bodies; for we have many examples of this 
kind. Water does not paſs through the wide 
pores of a hair-cloth of camels hair ; no nor wa- 
ter, wine, beer, or ſpirit of wine through the 
pores of wooden veſlels, or of cork, though they 
are very open; whereas oil, which is much thicker 
than the former, can hardly be retained in veſſels 
of wood. Mercury does not eaſily paſs through 
paper, linen, leather, unleſs ſqueezed ; yet it con- 
ſiſts of parts that are much more ſubtile than the 
pores of theſe bodies. 

$. 1031. We muſt not eaſily give into the 
opinion, that bodies are quite opaque, which being 
groſly examined by us ſhall ſeem to be ſo. For 
there are fewer of this kind than one would imagine 
if they were tried in a dark place, and the ſun 
were to illuminate them on one ſide. Who would 
imagine that the fingers of our hands are tranſpa- 
rent like- horn? which 1s true however, and the 
ſame is found in many other bodies, 


* Smith's Opticks, 5. 587. 
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$. 1032. Any body we call a /peculum, which 
is poliſhed to ſuch a ſurface, and endued with 
ſuch a repelling force, that it regularly reflects 
the light that falls upon it; in what follows we 
ſhall conceive ſuch ſpecula to be of metal, or ſuch 
as reflect the light back by it's anterior ſuper- 
ens: . - 

F. 1033. If a ray of light AC falls upon a ſpe- 
culum, it is found that the angle of reflexion 
BCO is equal to the angle of incidence ACO. 

§. 1034. Therefore the ray B C returns with 
the ſame force from the reflecting point C, where- 
with it approached it. For the motion A C of 
the incident ray is reſolved into AO, CO; and 
whereas the motion A O, parallel to the ſpeculum, 
remains unaltered, it will be OB = AO; but 
the ray impinges at C with the motion OC, which 
if it did not continue at the return, it could not 
be CO=OC, and then it would not be the an- 
gle BCO = ACO. But the equality of theſe 
angles is known by obſervation, and therefore the 
force of the returning ray is the ſame as of the 
incident ray. 

$. 1035. The reflected ray CB lies in the ſame 
plain with AC, which is perpendicular to the re- 

flefting plain DC E. 

For AB being drawn, a triangle ACB is 
formed by the incident and reflected ray, which 
is always in one plain. But becauſe the motion 
AC is conceived as reſolved into A O parallel to 
DCE, and into O C perpendicular to it; every 
plain that paſſes through OC will be perpendi- 
cular to D CE. 

$. 1036. The paſſage of the ray AC falling 
upon the plain ſpeculum D E, and reflected by it 
into CB, is the ſhorteſt. | | 


I For 


NATURAL PHILOSOPHY. 


For ſuppoſe the ray to be incident at F or f, 
and to be reflected to B. Then AF FB or 
Af f B will be longer than AC ＋ CB. Let 
AC be produced to P, that CP may be equal to 
CB, and draw the right line PB. It will be 
AC TCB S AC¶＋ CP, and the angle ECB 
— ECP, and therefore BC F = P CF. Hence 
the ſide FB = FP. But AF + FP are greater 
than AP, and therefore AF + FB greater 
than AC + CP, which are equal to AC + 
CB; after the ſame manner f B f P. But 
Aff P are greater than A P, and therefore 
Af T f B are greater than AC T CB. This 
propoſition is not univerſally true in curved ſpe- 

cula !. 


$. 1027. The poſition of the eye being given 


at E, and of the object A, from the given ſpecu- Tab. 18. 
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lum BF, to find the point C, from whence the Fig. 5- 


ray AC procecding, is returned to the eye in 
CE. 

From A and E let fall perpendiculars upon the 
{peculum at B and F, and let AF and EB be 
drawn, which cut one another in D. From D 
let fall the perpendicular D C, and drawing A C 
and EC, AC wall be the incident, and E C the 
reflected ray. For it is AB. FB:: DC. CF; 


and E F. BF:: DC. BC; therefore ABx CF 


—= BF x DC = EF x BC; therefore AB. 
BC::EF.CF; and the two triangles ABC 
and E FC will be ſimilar, and the angle ACB 
= ECF. Or let AB be produced to K, till 
AB = BK, and the right hne ECK being 
drawn, the point C will be that required. 


$. 1038. The image LM of an object DE, Ta. 18. 
that is placed before a plain ſpeculum AB, ap- Fig. 6. 


* Smith's Opticks, Rem. p. 70. 
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pears to a ſpectator CH to be at the ſame diſtance 
behind the ſpeculum, as the object is diſtant from 
the ſpeculum. Secondly, the image LM is like 
and equal to the object DE. And thirdly, it is 
in the ſame ſituation in reſpect of the eye as the 
object is. | 

From the point of the object D rays are emit- 
ted upon the whole ſuperficies of the ſpeculum, 
of which DF and DG, with all that are inter- 
mediate, are reflected in FC and GH, and enter 
the eye. As from the loweſt point of the object 
E, only the rays EN, EQ, with the intermedi- 
ate, after reflexion are brought back in N C, 
OH, and enter the eye. Theſe produced back- 
wards CF, GH, meet in L, and CN, HO 
E backwards meet in M, and let the right 
ine DL be drawn. The angle DFA CFB 
— IF L, and therefore D FG = L. FG. But 
the angle DGA = HGB = L.GA, and the 
ſide GF = GF; therefore the triangle LFG 
= DFG; becauſe the angle DFI LFI, and 
the ſides LF and FI are equal to the ſides D F, 
Fl, it will be LI = DI. Alfo drawing ME, 
it will be ſhewed in the ſame manner that the 
right line Z M is equal to Z E; therefore the 
image is as far diſtant behind the ſpeculum as the 
object is before it. Secondly, becauſe the angle 
DFB LF B, and E OA = M OA, FO =—= 
FO, LF = DF, MO —=EOQ, it will be LM 
= DE, and therefore the image is equal to the 
object. And thirdly it will be in the ſame ſitua- 
tion in reſpect of the eye. 

F. 1039. Therefore to a ſpectator that ſtands 
before a plain ſpeculum, the right parts of his 
body will appear at his left, and on the contrary. 
Secondly, if the ſpectator ſhall approach towards 
the ſpeculum, or retire from it, the image will 

I | ſcem 
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ſeem to approach as much towards the ſpeculum, 
or to withdraw from it. 
FS. 1040. If the plain ſpeculum CD lies pa- Tab. 18. 
rallel to the horizon, and the object A B is per- Fig 7 

ndicular to the horizon, it will ſeem to a 
ſpectator in O inverted, as ba. For the points 
of the object A and B ought to appear as far be- 
hind the ſpeculum in a and b, as they are diſtant 
before it. The demonſtration is the ſame as in 
9.1034. 

$ 104.1. If the plain ſpeculum CD is inclined Tab. 78. 
to the horizon in an angle of 45 degrees, a verti- Fig. S. 
cal object AB will appear horizontal to a ſpecta- 
tor in OH; as in ab. But if the object ab ts 
parallel to the horizon, to a ſpectator in oh it 
will appear perpendicular to it as is AB. The 
- demonſtration is the ſame as in §. 1034. 

$. 1042, If the glaſs ſpeculum KBDE at Tab. 18; 
it's further ſuperficies be covered with quickſil- Fig. 9. 
ver, each of it's ſurfaces will reflect light, ſo that 
the point C of an object will appear to a ſpecta- 
tor OR by a double image A and a; one of 
which A, which is the remotez, will be reflected 
by the anterior ſurface of the ſpeculum B E, and 
the other a, which appears nearer, is returned 
by the poſterior ſurface K D, and is ſeen by 
means of the rays refracted at their coming out 
of the glaſs, and cauſing the image a to appear 
nearer to the eye This double image is beſt per- 
ceived if a lighted candle is placed before the 
ſpeculum, and the ſpectator fees it by rays ob- 
liquely reflected; as alſo if the glaſs be pretty 
thick. If the ſpeculum be viewed very oblique- 
iy, the candle. will appear not only double, but 
multiplied” fox times or oftener ; becauſe ſome of 
the rays reflected by the poſterior ſurface of the 
glaſs to the anterior will paſs out ef the ſpecu- - 
Vor L Jum, 
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lum, but others that are not ſo ſtrong will be 
again reflected by the anterior ſurface to the 

ſterior, ſome of which being reflected to the an- 
terior will go out, and exhibit another image; 
and ſome again will be reflected by the poſterior 
ſurface. Theſe repercuſſions at the two ſurfaces, 
and paſſages out at the anterior, will be repeated 
a number of times, till at laſt ſo few rays will 


paſs out at the anterior ſurface, that they will not 


be ſtrong enough to make a viſible image. 
F. 1043. If two plain ſpecula AB, AC, are 


Joined at right angles BA C, the object S will be 


ſeen once in the ſpeculum AB, and twice in AC, 
by a ſpectator having his eye in X, between the 
ſpeculum A C and the right line A O, that biſects 
the right angle. E 

For the ray SE emitted from 8, after one re- 
flexion at the point E, comes to the eye X; 
therefore the image of the object will be ſeen be- 
hind the ſpeculum AB. But another ray SD is 
reflected to F, from whence it is ſent back to X. 
Another ray S M proceeding from S is reflected 
from M to X; therefore a double image of the 
object S will appear behind the ſpeculum A C. 

$. 1044. If the two ſpecula AB and AC con- 
tain an acute angle, and the object R be placed 
in the right line A R that biſects the angle, an 
eye in X, between the ſpeculum AC and the 
right line AO, will fee the object multiplied, 
becauſe of the different reflexion of the rays, 
from one ſpeculum to the other. Thus if the 
angle BAC be 65 degrees, the eye in X will ſec 
the object five times in the ſpecula, twice in AB, 
three times in AC, and laſtly the object itſelf. 

If the angle be 60 degrees, the object will be 
ſeen, and 6 times alſo in the ſpecula. 
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If the angle be 50 degrees, the object will be 
ſeen 7 times in the ſpecula. If it be 40, it will 
be ſeen nine times. If it be 36, the object will 
appear 10 times repeated; and if it be 30 degrees, 
it will be ſeen 11 times in the ſpecula. And thus 
it will ſtill be oftener repeated, the more acute the 
angle is which is contained by the ſpecula. 

FSG. 1045. If two ſpecula CB and E D are pa- Tab. is. 
rallel to each other, between which is the object A Fig. 11 
on one ſide, and the eye O on the other, there will 
be ſeen a ſeries of images, that proceed in infinitum. 

Let the right line K H be drawn perpendicu- 
lar to each ſpeculum. Take DF = AD, and 


draw the right line FMO, as alſo AM. The 


image of the object A will appear at F; for the 
angle AMD = DMF = E MO. 

Let A G be taken double to the diftance of the 
two ſpecula; draw GP O, and BI = BA, as 
allo PI. The object A will appear at G by 
means of the reflected rays AN, NP, PO; for 
in the two equal and ſimilar triangles BNI and 
BNA, the angle BNI = BNA; allo DI = 
DG, for A G=2BA +2AD: hence DG 
= 2BA + AD, But it is DI = 2AB + AD, 
and therefore DG = DI ; whence the triangle 
IPD = DPG, and the angle IP D = DPG 
O PE; and therefore O is the reflected ray from 
PN, which is alſo reflected from AN, ſo that the 
image will be ſeen in G. 

Then let FH be taken equal to twice the di- 
ſtance of the ſpecula, and let the right line HO 
be drawn, which may cut FE. D in S. Make BL= 
BF, and the two triangles RBL and R BF will 
be equal and ſimilar; whence the angle L RB = 
FRB. But DL = DH, becauſe it conſiſts of 
BL + BD, to which DH is equal. Hence the 
triangle I. S D is cqual to H SD, and the angle 

L 2 e 


148 


Tab. 18. 
Fig. 12, 
1 3. 


Tab. 19. 
Fig. 1. 


LS DPS HSD SOSE; wherefore the ray OS 
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is reflected from RS, which is the reflected ray 


from by which again is reflected from AQ, 
c 


and therefore the object A will be ſeen at H. 
And thus we may ſtill go on; ſo that it is 
plain the object A may be ſeen multiplied, or 
often repeated, by the eye of a ſpectator at O. 
$. 1046. From what has been now delivered we 
may underſtand the conſtruction of a polemo- 


ſcope, and of other catoptrical machines, which 
have been treated of by Dechales, Wolfius, Smith, 


who may therefore be conſulted. The following 
is a polemoſcope. In the tube KN DM open at 
AK, a ſpeculum AB is placed obliquely, and 
another ſpeculum CD is fixed parallel to it. At 
E is a perforated canal, at which the eye is ap- 
plied ; therefore external objects S will project 
rays upon the ſpeculum AB at F, which will be 
reflected at equal angles to P, and thence to E. 
So that an eye placed here may ſee the objects S. 
In a manner like to this a reflecting teleſcope is 
compoſed. 
F. 1047. If rays of light A X, CK, fall upon 
a convex ſpherical ſpeculum NK XP, parallel to 
it's axis XB; theſe being reflected will diverge 
from the ſpeculum, and will form an imaginary 
focus in E, which is the middle diſtance between 
the center of the ſpeculum F, and it's ſuperficies 
KX. | 
Let there be two rays AX and CK, which are 
very near to each other, From the center F, 
through the point of incidence K, let the right 
line FK L be drawn, which will be the cathetus ; 
alſo the right line EKM. Then MK will be 
the reflected ray if CK be the incident; for 
EF = EX. But EK = EX, becauſe the rays 
are very near; therefore EK = EF. Hence in 
the 
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the ifoſceles triangle the angle EK F =EFK, 
to which CK L is equal, becauſe of the parallels 
CK, X F, and MKL = EKF; therefore CK L 
= MKL. | 

$. 1048. If the diverging rays EB, ED, fall 
upon the convex ſpherical ſpeculum BD, the 
imaginary focus will be in C, if there be taken 


AC.CB::AE.EB. 


From the centre A through D let the cathetus Tab. 15. 
ADR be drawn. Then centre E, radius E D, Fig. 2. 
Tet an arch be deſcribed cutting the cathetus in R, 


and let ER be drawn. Through D let there be 
drawn CDN parallel to ER, and C will be the 
point required, For becauſe of the little arch 
BD, it is CD = CB, and EB = ED; there- 
toe AC. CD11; AE. ER or AC.CB:: 
AE. EB. But the angle E DR is the angle of 
incidence, to which in the iſoſceles triangle the 
angle ER D is equal. But becauſe of the paral- 
lels ER, DN, the angle R DN is equal to it; 
therefore D N will be the reflected ray of the in- 
cident ray ED 
8 1049. Becauſe it is AE. EB :: AC. CB, 
by compounding it will be AE ＋ EB. EB:: 
AB. CB; and therefore the greater the ratio of 
AE E B to EB, ſo much the greater ratio A B 
will have to CB; wherefore if the radiating 
point E approaches nearer to the ſpeculum, the 
imaginary focus C will alſo approach nearer. 
And the object being placed in B, the image will 
be alſo in B, that is, in the ſurface of the ſpecu- 
lum. Alſo the point C will be thus found; be- 
cauſe it is AE EB. AB:: EB. CB; let F 
be the focus of parallel rays, then by taking 
half the former ratio, it will be EF. F A:: 
B E.. BC. | | 
F. 1050, If from a point of the object E we 
1. 3 conceive 
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conceive many rays to fall upon the ſuperficies 
BDS, and to be thence reflected ; let them all 
be continued backwards, and by their interſec- 
tions they will form a curve CCC, which they 
will all touch ; and the rays will ſeem to proceed 
from this curve, to an eye placed without the 
ſpeculum, and therefore the image of the object 

E will appear in this curve. with 
And the object E being moved about the ſpe- 


culum, the curve CCC will move in the ſame 


manner, and therefore the object will always ap- 


pear erect. 


Tab. 19. 
Fig. 4. 


But becauſe the object, as far as it can be ſeen, 
is ſeen in a portion of this curve CCC, it will 
appear to be diminiſhed, as in this ſcheme ; in 
which E F the object from the point E emits the 
rays EB, EG, with intermediate ones, and are 
reflected by the ſpeculum to the eye DH, which 
continued backwards ſeem to have proceeded 
from the point I, and the rays FM, FN, with 
the intermediate ones continued backwards, ſeem 


to proceed from the point L; wherefore the whole 


vbject E. F, diminiſhed near the ſpeculum in IL, 
is ſeen in an erect ſituation, and ſomething out of 
ſhape. 

F. 1051. If the ſpeculum is ſpherico-concave 
Z B DH, upon which parallel rays fall AB, E D, 
that are but little diſtant from one another, and of 
which AB paſſes through the center of the ſpe- 
culum; this being reflected will meet in the 
point C, intermidiate between the center of the 
ſpeculum A, and it's ſuperficies Z BD. 

For the ray AB falling perpendicular at B, 
returns the ſame way. From the center of the 
ſpeculum A let the cathetus A D be drawn; the 
angle of incidence of the ray E D will be EDA, 
to which the angle of reflexion CDA muſt be 

| equal; 
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equal; becauſe BD is a ſmall arch, it will be 
CB=CD=CA. Therefore the triangle A CD 
is Hoſceles. And ſince the angle CAD=E DA, 
it will be CDA=EDA. Therefore the point 
C will be the focus, or the point of concourſe of 
the rays. 5 

But if the ray G H ſhall be farther diſtant 
from the axis A B, drawing the cathetus AH, 
CH will be a good deal bigger than CB; 
and therefore the angle CH A will be lets 
than CA H. The incident ray GH will not 
be reflected in H C, but will cut the ray A B 
between C and B; wherefore ſuch rays as are 


more diſtant from the axis A B will form a ſmall 


circle upon the plain, which would be perpendi- 
cular to the axis AB in C. This little circle 
ſeems intirely to be formed by the ſun's rays fal- 
ling upon the ſuperficies of the ſpeculum, and 
is called a focus, of which we have mentioned the 
effects in F. 578, 579. 

§. 1052, If the radiating point be placed in 
the point C, which is intermediate between the 
center of the ſpeculum A and it's ſuperficies, it's 
light will be retlefted in parallel lines D E, HG, 
becauſe of the equality between the angles of in- 
cidence and reflexion. Hence the great uſe of 
this kind of ſpecula, to project the light to a great 
diſtance, | 

§. 1052. If the radiating object be placed in 
the center A of the ſpeculum, all the rays will 
fall perpendicularly upon it, and therefore will 
return to the center A. Wherefore if the eye 
be placed in the center, it will receive all the 
rays emitted from every point of itſelf; there- 
fore every point will appear of the ſame magni- 
tude as the ſuperficies of the ſpeculum, and in the 
ſame place; ſo that nothing can be ſeen diſtinctly. 


| & A | §. 1054. 
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$. 1054. If the radiating object E be put be- 
yond the center A of .the ſpeculum, and diverg- 


ing rays EB, E D, very near to one another fall 


upon the ſpeculum; the concourſe of the rays 
will be at C, and it's diſtance CB from the ſpe- 
culum will be to CA, it's diſtance from the 
center, as BE, the diſtance of the object from 
the ſpeculum, to E A, the diſtance of the object 


from the center. 


For ſince B D is a ſmall arch, it will be EB = 
E D, and CB = CD. But becauſe it is ſuppoſed 
CFH. CA:: BE. EA, it will be C DCA 
a ED EA, or CD ED: CK. E &. 
Therefore the angle CDA E D A. But EDA 


is the angle of incidence, and therefore CDA 
will be the angle of reflexion. 


Becauſe BE. EA:: CB. CA, it will be 
componenda B EÆ EA. EA:: CB+CA. 
CA, and permutando B E EA. AB:: EA 


. CA. And taking half the former ratio (making 


I the focus of the parallel rays) it will be EI. 
Bl::EA. AC. This is the ſame rule as 
was given in g. 1049, and is hence univerſal. 
Therefore the point C will be the focus of the 
rays proceeding from E. And an eye placed in 
this focus will ſee an object in like manner as in 
H. 1053. | 
The rays emerge diverging from this focus C, 
as CG, CH, and therefore an eye placed in G H 
will ſee the object E as if. it were in C, and alſo 
inverted. 

But if the radiating object is placed in C, it's 
rays reflected by a ſpeculum will meet in E; 
wherefore the object will there be repreſented in 


che air, which will be ſeen inveited in E, by an 


eye placed beyond E. 


$. 1055, 


object, to the place found behind the ſpeculum, 
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$ 1055, If an object E be placed within a Tab. 19. 
fourth part of the diameter of the ſphere, of Fig 7. 

which the ſpeculum is formed; the 1 — CB 
of the imaginary focus from the ſpeculum, is to 
the diſtance C A of this focus from the center of 
the ſpeculum, as the diſtance BE, of the object 
from the ſpeculum, to the diſtance E A of he 
obje& from the center of the ſpeculum. 

Let the ray E D be incident, and the cathetus 
AD be drawn, and ER parallel to C DN. 
Becauſe of the ſmall arch B D, it will be EB = 
ED, and CB = CD. 

In the two ſimilar triangles AER, ACD, it 
is AE. ER: AC. D. Ie ſuppoſed 
that AE. EB:: AC. CB. And becauſe 
CB = CD, it will be AE. EB :: AE. ER. 
Therefore EB = ER = ED. Hence ER D- 
is an iſoſceles triangle. But the angle E RD 
ADN; therefore the angle of incidence E D R 
is equal to the angle of reflexion ADN, and the 
point C 1s the imaginary focus. 

Now becauſe CB. CA: : BE. EA; it 
will be componendo CB CA. CA:: BEA 
EA. EA; and permutando CB + CA. BE 
+EA: CA. EA; and taking half the 
terms of the foregoing ratio (ſuppoſing the focus 
of the parallel rays to be in I) it will be CI. IX 

CA. EA. 

EY 1056. If the object E F be placed at the Tab. 19. 
diſtance from the ſpeculum AC as in F. 1055, Fig. 8. 
and the eye ſhall be at the ſame, a leſs, or a grea- 
ter diſtance from the ſpeculum ; 1t will always ſee 
the object EF in the place determined by $. 1055, 
or behind the ſpeculum at HM, enlarged and 
erect. For right lines being drawn trom the 
center of the {peculum P, by the confines of the 
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as PEH, PFM, the ſame image HM will be 
Tab. 19. ſeen by means of the rays EBD, EBH, FOD, 
Fig 8. FOR. | 
Our deſign will not permit us to purſue and 
demonſtrate all the phenomena, which a ſpecu- 
lum of this kind would exhibit. That ſuch 
ſpecula were not unknown to the ancients, ap- 
pears from Seneca, Queſt. Nat. Lib. I. cap. 16. 
$. 1057. A cylindrical convex ſpeculum may 
be conceived as conſiſting of portions of equal cir- 
cles, placed directly to one another, ſo that a 
right line may conjoin all their centers. There- 
fore a ſection of this perpendicular to the axis will 
not differ from a ſection of a ſphere through the 
center. So that ſome of thoſe things we have al- 
ready delivered about the ſpherically convex ſpe- 
culum will obtain here alſo. Or on this account 
objects will appear leſs, behind the ſpeculum, and 
erect. But as a ſection of a e parallel to 
the axis is as a ſection of a plain ſpeculum; there- 
fore the phenomena of a cylindrical ſpeculum 
muſt alſo be conſidered in reſpect to this. There- 
fore objects on the firſt account will appear dimi- 
niſhed or contracted, but not on the latter: And 
they will ſeem to be in other places behind the 
ſpeculum, and more deformed on this account. 
Tet deformed images may be drawn, which 
being inſpected by means of this ſpeculum, will 
again be reſtored to regularity. But how ſuch 
are to be drawn, an anonymous French author has 
very well inſtructed us , who has profeſſedly 
treated of many kinds of ſpecula. 
§. 1058. A concave cylindrical ſpeculum may 
| be conſidered as compounded of mere equal cir- 
cles lying upon one another, and therefore it will 
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exhibit phenomena like to thoſe we have men- 
tioned about the ſpherically concave ſpeculum. 
For in this the objects will be ſeen enlarged, erect, 
inverted, and in ſeveral places. But as it's ſection 
the other way would be a right line, as that of a 
plain ſpeculum, on this account the phenomena 
will be as in a plain ſpeculum. Wherefore the 


15 5 


images of objects will become very much de- 


formed. 

§ 1059. But chiefly pyramidal and conical ſpe- 
cula exhibit wonderful phenomena, which evolve 
as it were and reſtore moſt intricate and deformed 
images. Let ABC be ſuch a ſpeculum, and 
the deformed object ſurrounding it on all ſides, 
as part of it is repreſented at CG, and the eye at 
O; therefore a ray proceeding from a point of 


the object D, and reflected by the ſpeculum at P, 


is brought to O, and ſeems to proceed from i; 


ſo the ray of the point E, reflected to O from the 
point of the ſpeculum S, 1s ſeen at k; the ray 
FV returning from the ſpeculum is ſeen at m, 
and the ray GB at n. Therefore the external 
parts of the object will be ſeen to conſtitute the 
internal parts of the image, and the internal parts 
of the object will make the external parts of the 
image. Y 

$. 1060. By means of the pyramidal ſpeculum 


Tab. 19. 


Fig. 9. 


placed in the ſquare X, the parts of an object Tab. 19. 
drawn in triangles A, B, C, D, teparated from Fig. 10. 


one another, ſeem to cohere in a continued image. 
F. 1061. Nor are thoſe phenomena leſs ſur- 
priſing, which are exhibited by a priſmatical ſpe- 


culum ABCDE. For when the parts of an ob- 


ject are cut aſunder between S ARB, as alſo tov 19, 
1. IL, 


MBLC, N COD, QE PD, by an eye placed 
in F they are ſeen to conſtitute an intire image of 
the object, 

§. 1062. 
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8. 1062, From the foregoing doctrine it will be 
eaſy to underſtand the reaſon of ſeveral machines, 
partly dioptrical and partly catoptrical, among 
which is the portable camera obſcura. For let AB 
be the Object, and CD a ſpherical convex lens; 
the rays emitted from the object AB upon the 
lens, and refracted, will meet in GE, and there 
paint the image. Wherefore if there is any plain 
there, as a paper, or a glaſs ſpeculum unpoliſhed 
on one ſide, but poliſhed on the other; to a 
ſpectator S the object will appear painted upon 
E. G, but inverted. But if we chuſe to have it 
erect, let a plain ſpeculum H K be put at half a 
right angle at the baſe of the machine. This 
will reflect the rays tranſmitted through the lens, 
ſo that the image of the object will be painted at 
N M. Therefore the unpoliſhed glaſs placed here 
will receive the image, which will be ſeen erect 
by a ſpectator P. 

F. 1063. Alſo the megalographick or magick 
lantern (as it is uſually called) affords very plea- 
ſant ſpectacles, which was invented and deſcribed 
by Kircher, and improved by others ſince. In 
this C is the flame of a candle or lamp, radiating 
nearly in the center of a ſpherically concave ſpecu- 
lum AB, which reflects the light to the lens D D, 
which therefore receives the light from the ante- 
rior and poſterior face of the flame, and by re- 
fraction diſpoſes it, ſo that all of it may fall upon 
a picture painted upon the glaſs E, E, ſuch an 
one as we ſhall have a mind to repreſent. The 
light emitted from every point of the image EE, 
diverging and falling upon the convex lens G, is 
there refracted that it may become converging, 
and fo falling upon another lens H, by the re- 
fraction of this is made more converging. And 
whereas the rays interſect one another gt L and 
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K, an image 1s painted upon a white plain K L, 
but inverted and very much magnified. 
Inſtead of the flame C Kircher made uſe of the 
ſun with very good ſucceſs ; nor is the lens DD 
then neceſſary. And becauſe at all times of the 
day we cannot always receive upon the picture 
E E the rays emitted from the fab directly, in- 
ſtead of DD we may ſubſtitute a paper beſmear-d 
with oil of turpentine, through which the ſun's 
rays being tranſmitted, will equably illuminate 
the picture E. E. 

§. 1064. Before in §. 1023 we mentioned New- 
ton's catadioptrical teleſcope. This being ſome- 
thing improved by the ingenious Mr. Hadley, is 
now a moſt excellent invention, as being but of 
a {mall length, yet repreſents very remote objects 
greatly magnified, moſt diſtinctly and plamly. So 
that one of a foot long has the ſame effect as a 
dioptrical teleſcope of 12 or 14 feet long; nay, 
if it be 6 or 7 feet long, it performs as well as 
a dioptrical teleſcope of 100 feet long. Let 


ABCD be a large tube, at the bottom of which Tab. 20. 
BC is put a ſpherico-concave metalline ſpeculum Fig. 2, 3 


GH; the rays EG, FH, emitted from a re- 
mote object PR, ſomewhere interſect one another, 
ſo that EG, eg, come from the inferior part, 
and fh, FH, from the ſuperior part of the ob- 
ject; theſe entering into the tube, which is open 
at the upper end, and falling upon the ſpeculum 
G H, are reflected converging, and would meet 
at m n, there to paint the image. But before 
they can effect this, they fall upon the ſmall plain 
metalline ſpeculum K K, by which they are re- 
flected to the hole at the ſide L, interſecting one 
another at qS, and there deſcribing the image 
qS. At the hole L is put a ſpherical convex 
lens, whoſc focus is S. This refracts the rays, fo 

| that 
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that thoſe which proceed from the ſame point of 
the object become parallel; but thoſe which are 
emitted from the extreme points of the object, 
converging towards one another enter the eye O, 
which beholds the image Sq as an object through 
a microſcope. L. Hence the object will appear 
magnified, inyerted, very bright and diſtinct ; 
but it ſeems enlarged in reſpect of the ſimple view, 
as is the length of the focus of the ſpeculum to 
the length of the focus of the lens, or as AI to 


tadioptrical teleſcopes; and has added a con- 
cluſion to prop. 59. of his optica promota, in which 
taking notice of three kinds of teleſcopes, diop- 
trical, catoptrical, and catadioptrical, he thus 
ſpeaks of this third kind. This excellent kind has 


no inconveniencies, and may have all the properties of 


the other kinds, if the lenſes and ſpecula are rightly 
diſpoſed. Yet the author confeſſes, that theſe te- 
leſcopes were attempted without ſucceſs; but in the 
year 1726 Mr. Hadley brought them to perfection 
by making a ſmall change. TYMZSSNYT 
is a tube, in which is a ſpherico-concave metalline 
ſpeculum perforated at X; before at EF is a 
lefſer ſpherico-concave ſpeculum, faſtned to a 
moveable branch RT. Let AB be a remote 
object, from whoſe upper part A proceed the rays 
cd, CD; and from the part B proceed the rays 
il, IL: Theſe interſect one another before they 
enter the tube. The rays falling upon the ſpecu- 
lum LD meet in the focus K H, painting here 
an inverted image; they proceed farther, and fall 


upon the ſpeculum EF, whoſe focus would be in 
f; reflected by this they would meet near 88, 


and paint another erect image; but a lens is 
placed at MN, cauſing them, by it's refraction, 
2 | £0 


F. 1065. James Gregory has alſo treated of ca- 
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to meet ſooner at PV, and there exhibit an 
image, which by the meniſcus SS is ſeen mag- 
nified and erect at O. The magnitude of the 
object ſeen through the teleſcope, is to that 
which appears to the naked eye, as the angle 


v7 


TOS, to the angle bG A. We have exhibited Tab. 21. 
the external apparatus of this teleſcope in Tab. Fig. 11. 


XXI. Fig. 2. 

And thus we have given a few ſtrictures, in 
which are contained the firſt principles of opticks. 
As to the more ſublime parts, they may 
be found in de Chales's Mundus Mathematicus, 
Barrow's Optical Lectures, Huygens's Poſthu- 
mous Works, James Gregory's Optica Promota, 
David Gregory's Dioptrick and Catoptrick Ele- 
ments, Molyneux's Dioptrica Nova, Newton's Op- 
ticks and Optick Lectures; but eſpecially in Dr. 
Smith's Compleat Syſtem of Opticks, who has 
gone beyond all the reſt in this ſcience. 


CHAP. -XXXVI. 
Of the Air. 


F. 1066. HAT fluid, inviſible, intangible, 
tranſparent, elaſtick, ſonorous bo- 

dy, which oy where ſurrounds our earth, we 
call the Air. By the ancients it was called Spirit, 
becauſe of it's ſubtilty, though it be really corpo- 
real. It appears that the earth is on all ſides Er. 
rounded by this animating inſpirable matter, be- 
cauſe whereſoever men have reſided, they have 
inſpired and reſpired air, have obſerved clouds 
tuſpended in it; alſo the ſea to be moved by it, 
which of itſelf is languid and quiet, and that it 
reſiſted bodies however moved in it. All which 
things 
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things the air could not perform, unleſs it were 
a body. | 

$. 1067. The whole air ſurrounding the earth, 
together with all the bodies floating in it, 1s called 
the terreſtrial atmoſphere. 

$. 1068. This is compoſed of vapours, exha- 
lations, or of the moſt ſubtile and volatile parts 


of all earthly bodies, as well ſolid as fluid; as 
alſo of fire, whether of the ſun, of the ſtars, of 


burnt carthly bodies, or of ſubterraneous fire break- 


ing out and aſcending upwards. 


$. 1069, But that which is properly the air is a 


fluid of it's own kind, diſtinct from vapours and 


exhalations, and to be known by it's proper cha- 
racters, though now it is blended with the parti- 
cles of all forts of bodies. For firſt, air ſhut up 
in veſſels of glaſs or metal always remains the 
ſame without change; but it is not ſo with va- 
pours ; becauſe as ſoon as they grow very cold or 
treeze, they loſe their elaſticity, ſtick to the ſides 
of the veſſel, become fluid again, return again 
into a maſs. So that veſſels, which before were 
quite full with this elaſtick vapour, are found al- 
moſt empty. Alſo the exhalations of other bo- 
dies in proceſs of time are deſtroyed as it were, 


- when loſing their elaſticity the parts are conjoined, 


and conſtitute a fluid maſs; as appears from many 
of Boyle's experiments *, made on the factitious 
air of grapes, of paſte made of flour, fleſh, and 
other things; as alſo from ſome of Dr. Hoales's 
experiments. Secondly, air has a power of 
aouriſhing earthly fire in combuſtible matter, 
whereas vapours and exhalations very ſoon ex- 
tinguiſh fire, the moſt vivid flame, or the bright- 


* Continuat. Exper. Phyſ. 
> Vegetable Statics, Exp. 82. Haemaſtaticks, App. Exp. 2. 
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neſs of burning coals, as alſo of red hot iron; 
as the learned Dr. Halley has obſerved ; and hke- 


wiſe Dr. Hales*, in air generated by antimony 
and an affuſion of ſpirit of nitre. Hence in the 


Grolta de Cami in Italy, and in the quarry of 
Pyrmont, burning torches held near the ground are 
immediately extinguiſhed, though it exſpires {ul- 
phureous ſpirits ; as Mifon * has obſerved, and 
Scipione ©. Fermenting wine emits a gas ſhlvepre 
from the bung, which will extinguiſh a burning 
candle“. 

Thirdly, air inſpired by animals is as it were 
the cauſe of the continuance of life and health ; 
whereas in vacuo almolt all animals inſtantly pe- 
riſh. But all kinds of vapours and exhalations 
are very injurious to the reſpiration and life of 
animals, that it is not ſafe either for man or beaſt 
to ſuck them in, nay, they can hardly take in a 
more deadly poiſon. This is plainly manifeſt of 
the exhalations of burning ſulphur. Hence in 
the Grotta de Cani and quarry of Pyrmont, as alſo 
in a pit dug in the e of Wight ®, the ſulphureous 
{pirit that exhales from the ground 1s the occaſion 
of the quick deſtruction of animals. The exha- 
lations of red hot braſs * ſoon kill animals, as alſo 
thoſe of charcoal, the coals of Holland turts, 
burning ſpirit of wine, oil of turpentine inflamed *, 
burning of green oak wood, do the ſame ; as alſo 
the vapour of fermenting wine or beer *, How 


2 Haemaſtatic. App. Exp. 3. p. 215; 
d Itinerar. Italic. 
© Philoſ. Tranſ. No. 448. 
Newman de Vino. p. 365. 
» Philoſ. Tranſ. No. 450. 
f Haukſbee Phyſ. Mech. Exp. 11. 
: Hales's Vegetable Staticks, p. 170, 


„ Camerar. in Epiſt. Taur. p. 31. Newman de Cerevis. 
P- 280. , 
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often have new vapours, burſting out of caverns, 


been fatal to the labourers ? or the air in old wells, 
corrupted by vapours that have ſtagnated for a 
long time ? | 

Fourthly, the intenſion or elaſticity of the air 
is in a determined and conſtant proportion, that 
is, as the denſity; and it occupies ſpaces which 


are in a reciprocal ratio of the compreſſing weights. 


But it is not fo with vapours and exhalations, a 
few excepted; for I have obſerved the elaſtick 
vapours of paſte, when compreſſed by a force as 
big again, to be reduced into a ſpace four times 
leſs. S£Graveſand obſerved a bubble in water, 
which was expanded into 15000 times a greater 
volume, when the elaſticity of the air was dimi- 
niſhed only 300 times. Yet I muſt own that 


there are ſuch things as conſtant elaſtick exhala- 


tions, and of the ſame degree of condenſability 
as the air itſelf, ſuch as the ingenious Dr. Hales 
has deſcribed *, which were preſerved by him for 
the ſpace of 6 years, and of ahe ſame elaſticity as 
the air. But ſuch exhalations are very rare. 
Fifthly, if the air was not ſome fluid different 
from exhalations and vapours, why does it con- 
tinue after thunder and rain ? For then the exha- 
lations are inflamed, which together with the va- 
pours fall upon the earth in the form of rain. But 
the air is obſerved only to be more purified after 
it has rained. Therefore it is ſomething diſtinct 
from exhaled bodies, which God has created at 
the ſame time as the earth, that by it's weight 
and other properties it might immediately be the 
cauſe of the vegetation of plants, as alſo of the 
life of animals as ſoon as created, Neither 


© Inſtit. Philoſ. F. 655. 
Haemaſtat. App. p. 320. 
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is it [rt of water turned into vapour, as 
ſome Philoſophers have thought“. 

$. 1070. When air is collected in any notable 

uantity, is has always been obſerved to preſerve it's 
fluidity. Neither by being long kept in veſſels, nor 
by the intenſe natural cold of northern climates, 
nor by artificial freezing by means of ſpirit of 
nitre and ice, nor by any degree of compreſſion 
can it ever be reduced to a firm maſs. It's flui- 
dity is great, becauſe it's particles are very rare, 
ſpherical, moveable, light; nor do they attract 
one another by a great force, ſo that they are ea- 
ſily removed one from another. 

1071. The air has no ſmall gravity, nor when 
freely committed to itſelf would it ever depart 
from the center of the earth; as was ſaid to be 
done by light things, according to the opinion of 
the Aritotelians, from a principle of levity. As 
for Ariſtotle himſelf, he allowed gravity to the 
air, which Galileo was the firſt that proved, and 
Torricellius and Merſennus confirmed, and now 1s 
demonſtrated by a multitude of experiments. For 
firſt if the air be exhauſted out of the receiver, 
the upper part being opened, it immediately 
ruſhes in again, deſcends through the aperture, 
and fills the veſſel. If the air had levity this 


deſcent could not happen. 


Secondly, the air preſſes with a great force 
upon bodies on which it incumbs; ſo that if a 
glaſs ball, or a thin piece of lead, is laid upon 
the receiver from which the air 1s pumped out, 
it will be ſqueezed or broke by the weight of the 
incumbent air upon the receiver. 

Thirdly, veſſels that are ſpherical or arched, 


© Cic, de Nat. Deor. Senec. Voſſius de mot. Mar. 
M 2 when 
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when laid upon the plain of the air-pumps, when 
the internal air is drawn out, will be preſſed down 
to the plain by the weight of the incumbent at- 
moſphere. 

Fourthly, hollow copper hemiſpheres laid on 
one another, and deprived of their internal air, 
will be ſqueezed to one another very ſtrongly by 
the external air, ſo as not to be parted but by 
great violence, 

Fifthly, we prove the air to be heavy very 
evidently, by bringing it's weight to the balance. 
For let a phial full of air be weighed, this will be 
lighter when the air is extracted; and heavier 
when it is let in again. But a ſuſpicion may ariſe, 
that all the weight is owing to a mixture of vapours 
and exhalations. It is very certain that part of 


it's weight mult be derived from them; for in a 


moiſt ſeaſon, if air paſs through very dry wood- 
aſhes into an empty veſſel, which with it's air is 
firſt weighed, it will not have the weight as be- 
fore. But if this experiment is made in clear 
weather, the air that has paſſed through an alca- 
line falt is of the ſame weight as before it paſſed 
through. Now if pure air is not heavy, how 
can clouds float and hang ſuſpended in it ? For 
as theſe are heavy, if they weie ſupported by no 
heavy body they muſt ſink down immediately. 

§. 1072. The ſpecifick gravity of the air, 
when compared to that,of water, has been ſome- 
times obſerved to be as 1 to 800. But this is not 
conſtantly fo, becauſe the weight of the air is 
continually changing, according to it's different 
purity, denſity, and heat. In ſome places of 
Europe the ſpecifick weight of the air to that of 
water ſeems to be comprehended within the limits 
of 1 to 606, and thence to 1000. 
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F. 1073. How much the atmoſphere ponde- 
rates upon the bodies beneath it, may be examin- 
ed by means of a tube of glaſs, which 1s ſhut 
cloſe at the upper end, and open at the Jower 
one, and filled with quickfilver ; which is ſome- 
times ſuſpended in it to the height of 29 inches. 
The weight of this is in æquilibrio with the weight 
of the atmoſphere. Now becauſe water is about 
14 times lighter than quickſilver, water might be 
in æquilibrio with that in the tube, or with the 
atmoſphere, at the height of 335 feet. Therefore 
the atmoſphere by it's weight preſſes bodies at 
the ſuperficies of the earth, as if water were 
poured upon them to the height of 3333 feet. 
This has been confirmed by the experiments of 
Paſcal and Boyle. 

$. 1074. Becauſe air is fluid, it preſſes with 
equal force according to all directions, as much 
upwards as downwards, forwards, backwards, 
and obliquely. Therefore all bodies, though ne- 
ver ſo tender, which are ſurrounded by the air, 
being preſſed every way equally, are not deſtroy- 
ed. It appears from the experiment of Mr. Mar- 
riot, that the lateral preſſure of the air is equiva- 
lent to the perpendicular preſſure. For 1t a phial 


CD be filled with water, and perforated in B, Tab. 21. 


where it receives the tube E F open at both ends; 
it retains the water in the tube at A, at the ſame 
height with the hole B; therefore the air preſſing 
downwards with the direction E A, does not ope- 
rate more forcibly, than that which preſſes late- 

rally at the hole B. 
§. 1075. A tube filled with mercury, and in 
equilibrio with the weight of the atmoſphere, in 
honour of the inventor Torricellius, who firſt diſ- 
covered this inſtrument in the year 1643, is call- 
eq the 7 orricellian tube, and by ſome a baroſcope 
| 3 or 
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or barometer. This invention contributed not a 
little to the advancement of natural philoſophy 
in the laſt age. Now becauſe there is a ſpace left 
between the mercury and the top of the tube, 
which is void of the groſſer air; the Philoſophers 
had a great deſire to know and examine, what 
would happen to bodies when placed in this va- 
cuum, Wonderful phenomena were here ob- 
ſerved 3 and the difficulty of effecting this gave 
occaſion to the invention of another machine, 
called the air-pump, by help of which the air 
may be eaſily exhauſted out of any receivers. 

$. 1076, That the mercury is ſuſpended in 
the Torricellian tube by the weight of the incum- 
bent atmoſphere 1s thus proved ; for if the tube 
be included in a long receiver, and the air is drawn 
out, the mercury will ſubſide. But it will ariſe 
to it's former height if the air is admitted again. 

1077. The Torricellian tube being fixed for a 
long time in the ſame place, the different altitudes 
of the mercury may be obſerved ; which diffe- 
rences will be greater than what can proceed from 
the rarefaction of the heat of the atmoſphere, 
This was obſerved firſt by Torricellius himſelf in 
the year 1645 or 1646, The leaſt and greateſt 
height obſerved in Helland was 27 inches 2 lines, 
and 30 inches; therefore the limits very nearly 
will be 3 inches. In the mean time it will be 
very certain, that the mercury will ariſe higher 
in the tube, when that which ſtagnates in the 
veſſel is more preſſed than before; and will deſcend 
when it is preſſed leſs. And becauſe the difference 
of the heights in the tube is 3 inches, this will 
be , part in reſpect of the whole preſſure, and 
of the greateſt, which is equivalent to 30 inches; 
for it is 1. 1O 2:3 3. 30. KT 
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$. 1078. It may not be amiſs to ſhew in a few 
words, from what cauſes it proceeds, that the 
mercury is preſſed ſometimes more and ſometimes 
leis. It will be preſſed more when the atmoſphere 
is heavier, which happens for theſe following rea- 
ſons. Firſt when more air is accumulated over 
any country, by winds blowing with a contrary 
direction, driving and gathering the air to an in- 
termediate place; this therefore riſing higher will 
make the atmoſphere higher alſo. The winds 
ſeem to be the primary cauſe of changes in the 
atmoſphere, and of the different heights of the 
mercury in the baroſcope. For in regions lying 
between the tropicks, and in which an eaſterly 
wind always blows with the ſam# ſtrength, the 
mercury in the baroſcope is hardly perceived to 
change, as the learned Dr. alley teſtifies *, both 
from his own obſervations, and from thoſe of 
others. | 

Secondly, the atmoſphere is alſo accumulated 
cover our region, when the north wind blows, 
that cools and condenfes the air. So that the al- 
titude of the atmoſphere decreaſes there, but the 
upper fluid flows hither on all ſides, and by it's 
weight and quantity increaſes the preſſure. | 

Thirdly, the mercury will alſo be higher, if 
the wind from the upper atmoſphere is deter- 
mined downwards towards the earth. For then 
it preſſes the air it meets in the ſame direction, 
and this preſſes the mercury in the ſame manner, 
as if it had a greater weight incumbent on it. 

Fourthly, when the air is condenſed by cold, 
the atmoſphere deſcends, though it continues to 
have the ſame quantity as before ; but for two 
reaſons it will be endued with greater gravity ; 


2 Philoſ. Tranſ. N. 181. 
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partly becauſe of a leſs centrifugal forc of the 
parts, and partly becauſe of their gravity en- 
creaſed. See §. 228 and 411, Hence it is that 


we find the mercury to be generally higher in 
winter than in ſummer. * 


Fifthly, when the atmoſphere is impregnated 
with many vapours and exhalations, it's gravity 
neceſſarily increaſes, as much as is the weight of 
thoſe exhalations. Therefore if the air continues 
long to be at reſt and without motion, it receives 
many vapours into it, and then the mercury is al- 
ways found to aſcend in the tube, as well in win- 
ter as ſummer. 


$. 1079. The mercury will be leſs preſſed if 
the atmoſpher® becomes lighter ; and this may 
happen, if by impetuous winds, or by exhalations 
in effervency with one another, a part of the air 
be hurried away out of- it's place. Hence (as it 
were) a vacuum is made, into which the part 
above deſcends ; yet nevertheleſs a leſs quantity 
of air will impend over that region of the earth. 
For which reaſon the quickſilver will deſcend, 
being leſs preſſed in the tube, as is always obſerv- 
ed during a ſtorm. Nay, whenever you perceive 
the wind to blow with an increaſe of violence 
over the-place of obſervation, you will find the 
mercury to deſcend at that inſtant, as Hauk/bee 
allo has demonſtrated by an analogous experi- 
ment. When the wind ceaſes, the air again 
approaches to theſe places from all ſides, be- 
cauſe they contain leis air of an equal denſity. 
Therefore becauſe of the increaſe of the maſs 
of air and it's weight, the mercury will again 
aſcend. | "#4 | YE 

Secondly, the mercury deſcends in the tube, 
if the air be cleared of it's exhalations and va- 
pours, with which before it was plentifully im- 
THIOL: | pregnated. 
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pregnated. Hence at the time of rain the mer- 


cury is low 1n the tube. 


Thirdly, when the winds blow upwards from 
the earth, they do, as it were, raiſe the atmoſphere. 


Hence when ſome winds blow, the quickſilver is 


low in the tube, | 
Fourthly, if the air is rarified by heat, and 
the atmoſphere becomes higher, although the 
ſame quantity continues, becauſe of §. 228 and 
411, yet it will have leſs preſſure on the bodies 
below. Perhaps there may be many other rea- 
ſons that are hitherto unknown, concurring to 
this effect. Now theſe I have mentioned may 
be very different in degree, and ſeveral of them 
conſpire together, or oppoſe one another, on all 
which the different altitude of the mercury may 
depend. 

$. 1080. From theſe circumſtances well con- 
ſidered it appears, that the different altitude of 
the mercury in the tube does not foretel the fu- 
ture condition of the weather, but is only an in- 
dication of the preſent ſtate of the' atmoſphere, 
or rather of it's degree of preſſure upon earthly 
bodies. Sometimes from a certain condition of 


the atmoſphere certain effects follow, which if 


they have been well obſerved, then a good con- 
jecture may be made, whenever the ſame condi- 
tion ſhall return. But this cannot be known from 
the preſſure only, or from the height of the mer- 
cury in the tube; and therefore nothing. certain 
can be concluded from that height alone, unleſs 
we diſcover the conſtitution of the atmoſphere 


from ſeveral other obſervations and other circum- 


ſtances. Wherefore no certain rules of prognoſti- 
cation can be delivered, as I am compelled to 
acknowledge, from the obſervations of many years 
caretully compared with one another, 


I : §. 1081. 
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$. 1081. The mutations of the mercury in the 


baroſcope are greater in winter than in ſummer, 
and greater in cold than in hot places. Firſt, 


becauſe cool air is denſer than warm or hot air, 
and therefore more adapted to the ſuſtaining of 


many vapours. When the atmoſphere is accu- 
rhulated with theſe, it becomes very heavy, and 
very light when freed from them. Thus the 
winter months are obſerved to be often the moſt 
rainy. 

— about the end of autumn, in win- 
ter, and at the beginning of ſpring, the moſt 
tempeſtuous winds and hurricanes rage: and the 
typhons, when in ſummer the air 1s more tran- 
quil. Now the greateſt changes of the atmo- 
ſphere are brought about by the winds, and great 
portions of it are moved out of their places ; 


' whence becoming lighter, it preſſes the mercury 


in the barometer with leſs force. Alſo the winds 
accumulate the atmoſphere, by condenſing the 
air by it's oppoſite directions, which thence be- 
comes heavier, and preſſes the mercury in the 
tube much more. Becauſe in places near the 
pole the air in winter is moſt cold and denſe, 
therefore both the alledged cauſes chiefly obtain 
there, and are the occaſion, that much greater 
mutations happen by the preſſure of the atmo- 
ſphere, in the colder than in the warmer regions. 

1082. Since the limits of the variations of the 
quickſilver in the tube are ſo narrow, Philoſo- 
phers have contrived to enlarge them by ſeveral 
artifices, hoping they may thus obſerve the leaſt 
alterations of the atmoſphere. Hence Sir Samuel 
Morland conſtructed an inclined tube E DC, in 
whoſe part D C, which is longer than A B the 
kmits of the changes in the vulgar baroſcope, 
the changes mult neceſſarily be greater in propor- 
: | 1 tion 
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tion to the length CD. This is a pretty inven- 
tion, but labours under this inconvenience, that 
in this the ſurface of the mercury is not always 
level, as fg, but convex, as k hg; nearly like 
and parallel to the upper arch of the tube Z, fo 


that the true altitude of the mercury cannot be 


obſerved. Beſide the mercury incumbs too much 
on the ſide of the tube D C, ſo that it does not 
deſcend ſo readily as in the vulgar tube. 

$. 1083. Mr. Hooke invented a tube ABDRGF, Tab. 21. 
bending in it's lower part and open. In this is Fig. 6. 
put an iron bullet G, which ſwims upon the 


mercury. A thread is tied to the bullet, which 
going round a pulley D, is ſtretched by another 
bullet H, when the mercury deſcends in AB, G 
* is raiſed, Hence the prevailing little weight H 
by help of the thread makes the pulley D to cir- 


culate, which moves a long index LK, ſhewing 
the different degrees in the circle MN OP. This 
baroſcope ſhews the greater changes of the mer- 


cury very well, but not the ſmaller changes fo 


' ſoon as the common baroſcope. Not to men- 


tion ſome other inconveniences ariſing from the 
moiſt or dry air affecting the ſtring, alſo from 
the friction of the pulley, Sc. 

$. 1084. In the year 1672 Mr. Huygens invent- 
ed two kinds of barometers, the chief of which 
is this. Toa tube OV, 251 inches long, bent Tab. 21. 
at VP, on each ſide is connected a cylindrical Fig. 7. 
veſſel HR, CP, the diameter of which is ten 
times greater than that of the tube. Another 
tube CN hangs out of the veſſel PLC. Let half 
of the veſſel K O be imagined to be filled with 
mercury, as alſo the tube OMP, and. half of 
the other veſſel PL. Therefore if the mercury 


* Philoſ. Tranſ. N. 185; 
ſhall 


by 
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ſhall fall one inch fromK to R in the veſſel KO, 


it will be raiſed one inch in PL from L to 8, 


and then the whole column of mercury in the 


tube ROM will be two inches ſhorter, and only 


of the length RI, whereas before it was of the 
length KV. If therefore the change of the mer- 
cury in the common barometer ſhall be 3 inches, 
in this of Mr. Huygens it will be as little again; 
but half of the veſſel LC, and part of the tube 
CN, is filled with water tinged with verdegreaſe 
mingled with ſpirit of nitre, that it may not 
freeze with cold, and covered over with oil of 
almonds, that it may not exhale. Therefore 
when the mercury deſcends in the veſſel K O, it 
will drive the water out of it, and raiſe it in the 
tube. Now if it was without gravity, when 
the mercury in L. C riſes an inch, it would aſcend 
in the tube to 100 inches; becauſe their capaci- 
ties are as the ſquares of their diameters. But 
ſince water is endued with gravity, which is r part 
of that of mercury, 14 inches of water will be 
in equilibrio with one inch of mercury in height 
therefore at leaſt the change will be fuch as will 
be obſerved in the various altitude of this water. 
And 14 inch of mercury in each receptacle an- 
ſwers'to 21 inches. And ſuch a kind of baro- 
ſcope will be very moveable, concerning which 
the author may be conſulted . But this ma- 
chine has not much come into practice, becauſe 
of ſome inconveniences. Firſt, if oil be poured 


upon the liquor in the tube CN, it ſticks to the 


ſides of the tube and makes them obſcure. Se- 
condly, if oil be not poured in, the liquor flies 
off from CN. Thirdly, heat much dilates the 
liquor, which cold alſo condenſes in CN, fo that 


* Journal des Scavans, An. 1672. p. 137. 
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the ſame quantity at a different height will be in 
'* guilibrio with an equal weight of mercury. 

* 2 Therefore unleſs at the ſame time we have re- 

** courſe to a thermometer placed near it, and 

2? compoſed of the ſame liquor; or unleſs we con- 

> ſult certain tables, in which the dilatation is ſet 

down, ariling from the heat which the thermo- 
meter indicates, we can conclude of nothing cer- 

tain. 

FS. 1085. Becauſe Mr. Hooke * did not think 

this barometer of Mr. Huygens to be entirely 

: > fatisfactory, nor after him Mr. de la Hire ©; Tab. 21, 
they made it much more moveable, by join- Fig. 8. 
ing to it another receptacle of the ſame dia- 
meter with the former. By this it is brought | 
about, that as much as the mercury is raiſed in 
the lower veſſel, ſo much the liquor is raifed in | 
| the third veſſel DN. Part of the lower veſſel ' 
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BC, and the tube CD, is filled up to the middle 
G with oil of tartar per deliguium; the other | 
part of the tube G D, and part of the upper re- l 
ceptacle D K, is filled with a very light oil called | | 
petroleum. The other part of the machine BSA f 


receives the mercury, as in Mr. Huygens's ba- 9 
rometer: When the mercury deſcends to half 
an inch from A to L, it is raiſed from B to 
HII, and the petroleum as much from K to N; 
therefore there continues an altitude above the 
mercury HN = BR. Let the diameter of the 
tube CD be = 1, and the diameter of the veſ- 
ſels = 9: their capacities will be as 1 to 8r. 
> Moreover let the tube CD be above 80 inches 
long; and when the mercury aſcends half an 
inch from B to H, the petroleum will be carried 
upwards from G to D the ſpace of 40 inches, 


2 Philoſ. Tranſ. An. 1686. 
>» L'Hiſt. de Acad, Roy. An. 1708. 
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Fig. 9. 
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But when the mercury deſcends half an inch 
from B to R, the petroleum will deſcend 46 
inches from G to I. Wherefore there will be in 
this barometer a remarkable motion of 80 inches, 
if the mercury in the vulgar barometer is only 
ſubject to a mutation of two inches. 

This would be a very neat invention, if there 
could be had three fluids of a very different den 
ſity, which would not ſtick to the ſuperficies of 
the glaſs, nor mingle with one another, but whe- 
ther aſcending or deſcending would leave the glaſs, 
as quickſilver does. As theſe are not yet found 
out, we ſhall obſerve in proceſs of time, that each 
of the oils ſtick too much to the ſuperficies of the 
tube CD, ſo that it becomes dark; nor can we 
rightly Judge of the true height of the termi- 
nating ſuperficies G, becauſe of the loſs of the 
liquor that ſticks to the ſides. Alſo account mult 
be had of the rarefaction of the liquors by heat. 

$. 1086. In the year 1695 Mr. Amontons com- 
municated the following invention to the publick *, 
Let there be taken a conical tube A B, whoſe 
baſe B has an aperture not greater than 4 of an 
inch. The mercury that can fill the upper part 
AC 30 inches long, ſhall alſo be in quantity ſuf- 
ficient to fill the lower and larger part of the tube 
DB, which is only 27; inches long. It the tube 
AB is 45 inches long, then when the common 
baroſcope ſtands in it's higheſt ſtation at 30 inches, 
the mercury in this tube will be between C and 
A; and if the mercury in the common baroſcope 
be at it's loweſt ſtation at 27+ inches, the mercu- 
ry in this tube will be at DB. So that the diſtance 
between A and D is 175 inches. Therefore the 
mercury in this will have almoſt ſix times a 
greater motion than in the vulgar tube, This 
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contrivance by ſome has been called the marine 
barometer, becauſe the tube may eaſily be kept 
inverted at ſea, and when it is inſpected it may 
eaſily acquire the ſituation A B. But great care 
muſt be taken, that the leaſt drop of mercury 
may not run out at the orifice B; becauſe it's co- 
umn being then lighter, it will no longer be in 
equilibrio with the atmoſphere, except in a place 
near the arch A. Secondly, too much attrition 
of the mercury will induce a great immobility, 
Thirdly, becauſe the air will enter at the aperture 
B, and will apply it's moiſture and falts to the ſides 


of the tube, which will hinder the free deſcent of 


the mercury, retard it's aſcent, and ſeparate it 
into parts. 

$. 1087. Mr. Caſſini, and afterwards that ex- 
cellent mathematician John Bernoulli, to a larger 
barometrical tube AB a little bending at it's 


lower part BH, added a ſmall horizontal open Tab. 21. 
tube CH, the length of which was fo adjuſted Fig. 10. 


with it's capacity and that of the tube A B, that 
25 inches of mercury from A B may fill the ſmall 
tube from! C to H. So that if the mercu 
is at it's higheſt ſtation in D, in the ſmall tube 
it will be at H. And if in it's loweſt ſituation 
it is at L, in the ſmall tube it will be at C. And 
ſince the tube C H may be of any length, provided 
the capacity of the larger one DL be increaſed, 
by this means a very moveable baroſcope may be 
conſtructed. The attrition and attraction between 
the mercury and the tube CH make this baro- 
meter much more difficult of motion than would 
ſeem at firſt ſight. Hence it ſhews very remarka- 
bly the mutations in the vulgar baroſcope, but 
not the leſſer changes. | 
$. 1088. Some Philoſophers have given us 
other inventions and improvements, but not ſo 
celebrated 
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celebrated as theſe, and which the narrow limits 
of our deſign do not permit us to treat of. It 
is plain enough from all theſe, that the ſimple 


barometer is as yet the beſt for making accurate 


obſervations, if it be ſkilfully conſtructed. To 


this it is neceſſary that the mercury ſhould be 4 
purged from all air, and that there may be none 
at all between the arch and the mercury. How ] 


this may be attained I have ſhewed in my phy ſi- 


cal diſſertations. 


F. 1089. The air by it's gravity produces ſe- 
veral effects; for as it ſuſtains the mercury in the 
tube to the height of 29 inches, ſo if a ſucker be 
conceived in the tube put into the mercury, and 
raiſed upwards by withdrawing from the ſuper- 
ficies of the mercury, and thus expelling the air; 
the mercury preſſed by the weight of the atmo- 
ſphere will neceſſarily enter the tube, and will 
adhere to the ſucker as far as to the height of 29 
inches. And though the ſucker is raiſed higher, 
yet the mercury will follow it no farther, but will 
remain {till at the ſame height. The reciprocal 


motion of the ſucker will produce no farther effect, 
fince it can only exhauſt the air. Hence we learn, 
that in a pump, the water will not aſcend higher | 


than 3335 feet, let the ſucker be moved never ſo 
much. For at this height the weight of the 


water will be in æquilibrio with the weight of the | : 


atmoſphere. Therefore the water does not rife 
becaule it is ſucked up, but becauſe it is preſſed 
by the air; for if the pump together with the 
water was included in a vacuum, although the 
ſucker ſhould be reciprocated, yet not a drop 
would riſe; nor in a veſſel that is cloſe ſhut up, 
though full of water, can the pump take in any 
of it, however the ſucker may be moved. 


F. 1090, 
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that ſucks ſwallows the air out of it's mouth, 
ſhuts it's noſtrils, takes the nipple on all ſides 
with its lips, drives it's cheeks outwards, and 
makes a vacuum in it's mouth. The external air 
by it's gravity preſſes upon the breaſts or udder, 


7 drives the milk that way where the reſiſtance is 
taken off, thence to the nipple, and ſo into the 


mouth of the ſucking animal. Of the ſame kind 
is the ſmoaking of tobacco: as alſo the action of 
the ſurgeons cupping-glaſſes. When theſe are 
fixed upon the ſkin, by help of a ſucker or ſome 
other way, the air is exhauſted, and therefore the 
glaſſes are ſqueezed to the fleſh by the weight of 
the atmoſphere. The humours are propelled to 


© this cavity, by the afflux of which the place was 


ſwelled : alſo the air by it's gravity is the cauſe of 


* our reſpiration. 


$. 1091. Among the effects which depend upon 


the weight of the air upon bodies, may alſo be 


reckoned the flowing of water through ſiphons 


into the veſſel B; the air by it's gravity will 
preſs the water upwards in each leg, which by 
it's gravity endeavours to deſcend ; and with a 


greater force in the longer leg CD than in AE. 


Therefore there will be a greater ratio between 


the action of the air upwards, and the re- action 


of the water downwards, in the ſhorter leg A E 
than in the longer CD. And the water E A will 
be preſſed upwards with a greater force than CD, 
therefore the fluid will aſcend in EA, and drive 
out the remainder in AC, CD; becauſc the ſame 
reaſon ſtill exiſts, as long as any fluid is in the veſ- 
ſel B, it will continue to run out at the orifice D. 
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$. 1090. The ſuction of an animal differs but Tab. 22. 
little from the action of a pump; for the animal Fig. 1, 2. 


of unequal lengths. Let ſuch a ſiphon be EAC, Tab. 22. 
27 full of water, and let it's ſhorter leg AE be put Fig: 
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Fig. 7. 


I Tab. 22; 
Fig. 3. 


Tab. 22. 
Fig. 8. 
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$. 1092. Some learned men have thought, 
that another cauſe different from the gravity of 
the air, produced this phenomenon ; but that 
this is the true cauſe may be evidently demon- 
ſtrated. Becauſe if the ſiphon EA CD be in- 
cluded in a receiver, out of which all the air 
is pumped, ſuch as is the vacuum of Torricel- 
lius; (which thing may be effected, by filling the 
receiver quite full of water, all the air being firſt 
drawn out, and afterwards the water,) then in this 
vacuum there will be no running of the water 
through the ſiphon. Alſo the efflux of the wa- 
ter out of the ſiphon E A D, may be prevented, 
by cloſing up the orifice C of the veſſel BB, and 
ſo hindering the preſſure of the air. Or if the 


ſiphon E A CD conſiſts of two legs, the ſhorter 


of which EA exceeds 30 inches, and it be filled 
with mercury; then there will be no transflux of 
the mercury out of the ſhorter leg through the 
longer. But if a veſſel alſo be placed at D, the 
mercury will leave the upper arch AC, and in 


cach leg AE, CD, will remain at the ſame 


height, in which it 1s 1n the vulgar barometer. 
Or taking away the veſſel D, the mercury will 
fall downwards which was before in A E towards 
the veſſel B, and the reſt will run out at the leg 
CD. But if the leg AE be ſhorter than the 
height of the mercury in the barometer, the 


mercury will paſs through, which is a manifeſt 


token that the effect of the ſiphon depends on 
the weight of the air. ; 

$. 1093. Reiſelius has ſtarted a difficulty with 
his ſiphon of equal legs EF G *, which is ſaid 
to tranſmit water. For the orifices E and G 
lye in the fame horizontal line, when water is 


Acta Lipſientia, An. 1690. p. 142. 
brought 
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brought to the mouth G, there will be an efflux 
at E; and when water is brought to the mouth 
E, there will be an efflux at G. But ſuch an 
efflux cannot be made, unleſs when the water 
that is applied to either of the orifices ſhall cauſe 
by it's altitude, that this leg ſhall become ſhorter, 
and the other longer. This will appear to any 
one, who carefully tries the experiment. By the 
help of this doctrine many effects that happen in 
nature may be eaſily explained. And many of the 
effects of art, as the artificial contrivance may be 


underſtood, by which Tanlalus is made to drink. Tab. 22. 
K 1094. Of all the properties of the air the Fig. 4, 5, 


chief is that which 1s called elaFicity, becauſe 
of ſome of it's effects analogous to thoſe which 
we obſerve in elaſtick bodies. For by com- 
preſſion the air may be reduced into a ſmaller 
ſpace, which compreſſion ceaſing, it reſtores itſelf 
of it's own accord to it's former volume. For 
let air be included in a pump, and let the ſucker 
be forced down to the bottom, which may be 
done in ſome meaſure. The air will yield to the 
preſſure, and will occupy a much leſs ſpace than 
before. Then leave off to urge the ſucker, and 
it will be drove out of the pump by the air, as it 
reſtores itſelf to it's former volume. 
§. 1095. As in the foregoing experiment the 
air was ſqueezed into a narrower compaſs by 
the ſucker; in the ſame manner the inferior 
air is preſſed by the ſupenor ; ſo that near the ſur- 
face of the earth it is in the ſame circumſtances, 
as that which is preſſed cloſe in the cavity of 
a pump. Hence a ſmall quantity ſhut up in 
a bladder, and put into a receiver, out of which 
the external compreſſing air is exhauſted, will 
expand itſelf and ſtretch the bladder, juſt as if it 
were inflated and made turgid by the injection of 
a great quantity of air. 
N 2 F. 1096. 
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$. 1096. The air near the ſuperficies of the 
earth is of ſuch a quality, and dilates itſelf in 
ſuch manner, that it's volume is in a reciprocal 
ratio of the compreſſing weights. This rule has 
been ſettled by Boyle and Marriot upon the fol- 


lowing experiment. Let AB be a barometrical 


tube, which rightly prepared may ſuſpend the 
mercury at the height BC. Into this let a quan- 
tity of air be admitted A D, and then the mercu 
will no longer be ſuſpended at D, but will remain 
only at the height BE, and the air A D will expand 
. the ſpace AE. The force by which 
the air of the atmoſphere is compreſſed is equal 
to the weight of the atmoſphere, with which the 
mercury at the height BC is in æquilibrio; there- 
fore the weight of the atmoſphere may be ex- 
preſſed by the column of mercury CB. With 
this weight the air AD is compreſſed. But it is 
found by experiment, that this air expands itſelf 
into the volume AE, and therefore the remain- 
ing elaſticity of the air ſo rarified, together with 
the weight of the mercury CB, are at equili- 
brium with the weight of the atmoſphere, or 
with the column of mercury CB. Taking away 
therefore the column of mercury EB, the elaſti- 
city of the air in AE is at equilibrium with the 
remaining weight of the atmoſphere, which is 
equal to the column of mercury CE ; therefore 
the weight compreſſing the air expanded in A E 
will be as CE. Then if we meaſure the ſpaces 
AD, AE, poſſeſſed by the air in each caſe, they 
are found to be as CE to CB; wherefore the 
volumes of air will be in an inverſe ratio of the 
compreſſing weights. 
F. 1097. The ſame rule takes place alſo, when 
it is compreſſed into a leſs volume, as Mzr- 
riot has well proved by the following experiment“. 
Movement des Eaux, p. 141. 3 
a. 
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Let there be a bending tube PO N M ſhut at M. 
Let a little quickſilver be poured into it, to fill 
up the lower part N O, fo as to intercept the air 
in NM; which as it is compreſſed as much as 
the reſt of the air of the atmoſphere, may be 
conceived as preſſed by the weight of the co- 
lumn of mercury CB in Fig. 9. Let mercury 
be poured into the tube PO, ſuppoſe to the al- 
titude X O. The air in the leg NM will be 
compreſſed, ſo as to occupy only the volume MZ. 
Now the horizontal line Z F being drawn, the 
air MZ will be compreſſed as well by the weight 
of the atmoſphere as by the weight of the infuſed 
mercury XF. Now meaſuring the ſpaces MZ 


and MN poſſeſſed by the air, and the compreſſ- 


ing weights which are as CB and CB XF, 
this proportion is obſerved to obtain MN. 
MZ :: CBTXF. CB. And therefore again 
theſe ſpaces, that are poſſeſſed by the air, are to 
one another in an inverſe ratio of the compreſſing 
weights. I obſerved that when I reduced the air 
MN into a volume above four times leſs, that it 
did no longer comply with the given rule, but 
more ſtrongly reſiſted the compreſſing forces, as 
the great Boyle likewiſe had formerly obſerved. 
And that the rule cannot always be conſtant a 
pears from hence, that as ſoon as the particles of 
air touch one another, they muſt compoſe a maſs 
that is entirely ſolid. Nor can they by any force 
in nature be reduced to a leſs volume, becauſe 
body is impenetrable. 

§. 1098. It is inquired, how far the air of the 


atmoſphere, ſuch as it is near the ſurface of the 


earth, is capable of compreſſion ? I can as yet 
perceive no limits; yet Mr. Boyle made it 30 
times denſer than it is. Halley tells us, that 
he had ſeen air 60 times denſer. Dr. Hales by 
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help of a preſs condenſed air into 38 times a leſſer 
ſpace *. But by means of water condenſed into 
ice, he reduced air into 1838 times leſs ſpace than 
it poſſeſſed before, ſo that it was above as denſe 
again as water; therefore ſince water is not con- 
denſible, the particles that compoſe air muſt be 
very different from thoſe of water. For other- 
wile, if they could only be compreſſed into a vo- 
lume about $800 times leſs, and then ſhould be of 
the ſame denſity as water, they would reſiſt all 
compreſſing forces whatever. 

$. 1099. Becauſe the elaſticity of compreſſed 
air is in æquilibrio with the prefling weight; that 
which is compreſſed by the weight of the atmo- 
ſphere will re- act againſt this weight with an 
equal force. Therefore air ſhut up in a phial 
with mercury, in which is a tube with each 
end open, taking the air out of the tube, it will 
drive the mercury by it's elaſticity out of the 
phial, to the ſame altitude in the tube as is that 
in the vulgar barometer : if in the mean time 
the air is not rarified. b 

But in any veſſel if the air is made as denſe 
again, it will be as much more elaſtick, and there- 
fore in an open tube it may drive the mercury to 
the ſame height as it is in the baroſcope : or in- 
ſtead of mercury, water beyond the height of 
32 feet. So that very denſe air ſhut up in a vel- 
{c] DDBB, which is deſigned to compoſe an 
artificial fountain, will make the water AA BB 
to ſpout out to a great height. The water-ſpout 
of Hero's and Niewentyt's fountain depend upon 
air compreſſed, and ſo made more elaſtick. Hence 
alſo it may be underſtood, why air that is very 
much condenſed in a wind-gun explodes a leaden 


* Haemaſtat. Append, p. 348. &c. 
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bullet with great violence, ſo that the. effe& it 


produces is hardly inferior to that of gun-powder. Tab. 22. 
From the ſame principles may be explained Fig. 12. 


the glaſs divers, Sturmius's fountain that obeys 
the word of command, and other the like pheno- 
mena. 

1100. The force by which particles of air re- 
pel one another, is in the reciprocal ratio of the 
diſtances between the centers of the particles. 


Let there be two equal cubes XA E and Z BI, Tab. 22. 


which contain unequal quantities of air, ſo that Fig. 17, 
18. 


the diſtances between the centers of the particles 
in XA E may be to thoſe in Z BI, as 2 to 1. 
The number of the particles to be conſidered in 
the fide DE will be to that in HI, as 1 to 2; 
and the ſame obtains in the ſide EG and IM, 
as alſo in DX and HZ; therefore the number 
of the particles acting upon the ſurface DG will 
be to that in HM, as 1 to 4; and the number 
of the particles in the cube X A E will be to that 
in ZBI, as 1 to 8. The forces which act upon 


the equal ſuperficies DG and HM, are as the 


forces by which the air is compreſſed. For the 
forces acting upon theſe ſuperticies DG and HM, 
may be conſidered as compounded of the number 
of the acting particles, and the action of each 
particle ; theretore this compound ratio ought to 
conſiſt of the compounding ratio's which are in 
A to thoſe in B, as 1 to 3. But the number of 
particles acting againſt the ſuperficies DG, is to 
that againſt H M, as 1 to 4; and therefore the 
other compound ratio is neceſſarily as i to 2. But 
this is the ratio of the action of the ſeveral par- 
ticles, and the diſtances of the centers are as 2 to 1; 
therefore this action of the particles in XA E. 


will be to that in Z BI, as the diſtances of the 


centers of the particles in B to thoſe in A. 
N 4 8. 1101. 
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$. 1101. The elaſticity of the air being known, 
it may be underſtood, how it is exhauſted out of 
receivers by means of the air-pump. For let us 
conceive the ſucker to withdraw from the bot- 
tom of the pump, and that there is a commu— 
nicating tube between this and the receiver. The 
air by it's elaſticity will expand itſelf, and enter 
into the empty pump, till it is equally rarified in 
this and in the receiver. This air being expelled, 
and the ſucker again removed from the bottom, 
which had been urged towards it for the expulſion 
of the air, by expanding itſelf the air enters again 
the pump out of the receiver, and this is done 
continually by the reciprocal motion of the ſucker; 
ſo that by means of the pump it is more and 
more rariſied perpetually ; therefore by the pump 
the air can only be rarified, and not perfectly 
exhauſted. 

1102. This vacuum made by the pump is uſed 
to be called Boyle*s vacuum; but it is not ſo perfect 
as the Torricellian, which is made in the upper 
part of the barometer, by the tube and the mer- 
cury. 

9 1103. Otto Guerick a German was the inven- 
tor of the air-pump about the middle of the laſt 
age, who made many fine experiments with it, 
Theſe induced the great Boyle, with the aſſiſtance 
of Gratorix, Hooke, and Papin, to conſtruct ſuch 
a pump in England; with which making many 
uſeful experiments, he greatly improved natural 
Philoſophy. Hence the machine is often called 
Boyle's air- pump. About the ſame time another 
was invented at Leyden, by the ingenious Volder, 
with which experiments were made in the year 
1675, in the phyſical laboratory at Leyden. In 
our own time the learned q Graveſand brought this 
engine to great perfection and ſimplicity, ſo that 
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by ſmall labour and in a ſhort time the greateſt 
quantity of air may be pumped out of receivers. 
F. 1104. That air may be rarified by being ex- 
” poſed to the fire has been taken notice of 
9. 775. And the elaſticity is increaſed by 
= which it endeavours to unfold or dilate itſelf 
* every way. On the contrary, by cold it is 
” condenſed into a leſs volume, as if it had loſt 
part of it's elaſticity. The force of heated air 
” 1s manifeſted, when being included in a thin glaſs 
> phial hermetically ſealed up, and expoſed to a 
great fire, it ſo diſtends itſelf by rarefaction, as 
do burſt the phial with a loud report *. A blad- 
der that before was not turgid, it ſo puffs up, as 
at laſt to burſt it. But Mr. Amontons has made | 
more accurate experiments concerning the force | 
of rarified air *. By theſe he has found, that | 
a great or a ſmall quantity being included in '1 
a veſſel, acquired ſo much force by it's ra- 
refaction, made by the heat of boiling water, 
that it was in proportion to the weight of the 
atmoſphere, as 10 to 33, and ſometimes as 10 to 


* 


333; which I have alſo ſometimes obſerved. For f 
the air thus heated was able to raiſe the mercury 1 
in the tube to the height of 85 feet, when the i1 
mercury in the barometer ſtood ro 29 inches. 4 


But when in the veſſel it was made denſer if 
than that of the atmoſphere, and it's force was 
examined after the ſame manner by boiling wa- 
ter, 1t was found to have the force of expanding 

_ Itſelf in proportion to it's denſity ©, Thus it is 
with dry air. But no ſooner has it received never 7 
ſeo little moiſture, but it acquires far greater force. 
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This does not depend on the air, but on tlie 
very great elaſticity of the vapour; and therefore 
the event of Mr. Amontons's experiment is not al- 
ways the ſame, at all times and in all places, but 
is ſubject to ſome variations. 

$. 1105. But how much may air be rarified 
by fire? Mr. Hauk/bee has oblerved *, that in 
England the expanſion of the air from the limit 
of the beginning of freezing to the greateſt ſum- 
mer-heat, is as 6 to 7. And in our climate we 
have almoſt the ſame proportion, unleſs that on 
a very hot day I obſerved fomething a greater 
_ expanſion. The volume of air from the ſtate of 
beginning to freeze, to the heat which is com- 
municated to it by boiling water, is as 2 to 2. 
But Mr. Bernoulli has obſerved. at Peterſburg, 
the expanſions of the air in hot water, in the 
hotteft ſummer's day, and in the coldeſt winter's 
day, to be as 6, 4, 3. * The volume of air, 
like cold ice beginning to be formed, is to that 
growing hot in glaſs beginning to melt, as 1 to 
3, provided the air be dry. For if it be ſome- 
thing moiſt, it rarifies into a volume 12 times 
greater or more, than it had in the ſtate of begin- 
ning to freeze. Theſe experiments will perpe- 
tually differ, according to the different moiſtneſs 
or drineſs of the air. 

$ 1106. It has been inquired, whether the air 
can be intirely deprived of it's elaſticity, or only 
in part, ſo as to be reduced as it were to a lan- 
guor. *Roberval © affirms, that the elaſticity has 
continued intire for the ſpace of 16 years. It 
has alſo appeared to me by a moſt accurate ex- 
periment, that in compreſſed air the elaſticity 


2 Phyſ. Mechan. Exper. p. 170. Tentam. Florent, p. 39. 
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mY Bernoul. Hydrodyn. Sect. 16, 
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has remained unhurt for 5 years. Haukſbee was 


of opinion from ſome experiments, that by com- 
preſſion the air might be reduced to a languid 
{tate. For air remained for ſome time condenſed 
in a veſſel, and then was freely committed to itſelf, 
ſo that it might go out as much as it could; then 
the veſſel was again ſnut up, and after ſome time 
was again opened as hot as before, and again the 
air went out. This ſeems to be reduced to ſome 
degree of languor, or otherwiſe it would have 
gone out of the veſſel the firſt time. But this 
obſervation is not without it's difficulties. How- 
ever Dr. Hales has proved, that it may be de- 
prived of it's elaſticity by the burning of brim- 
ſtone. 

8 1107. Air freely let alone to itſelf, and de- 
livered from any cauſe that compreſſes it, always 
expands itſelf in form of a ſphere, within the 
interſtices of fluids. This may be ſeen when 
fluids are put under a receiver, and the air ex- 
hauſted from that and them by means of an air- 
pump. 

$. 1108. How far can the air expand itſelf by 
means of it's elaſticity, when it 15 committed 


freely to itſelf, and is no longer compreſſed by 


any external force? It will be very difficult to 
give a ſatisfactory anſwer to this queſtion, becauſe 
the atmoſphere is compoſed of very different 
elaſtick fluids, the elaſticity of Which varies very 
much. If it were therefore inquired, how much is 
virgin air expanded, and how much cvery other 
elaſtick fluid? Firſt, theſe fluids muſt be taken pure 
and unmixed, which is a very difficult thing to do. 
Then there is another difficulty, Which is, how 
ſhall we diſpoſe ſuch particles in vacro, that they 
ſhall no longer act upon one another, but may 


be committed freely to themiclves? This is a 


problem 
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problem that has not yet been ſolved. From 
ſome groſs experiments, made upon a pretty large 
maſs of air, it ſeems to be collected, that ſuch 
air as is upon the earth's ſurface has been ſo ra- 
rified and ſwelled, that it poſſeſſed a ſpace 4000 
times greater than before. But giving attention 
to an elaſtick fluid, which is mixed with water, 
I often obſerved, that a ſingle particle of ſuch a 
fluid in warm water expanded itſelf into a volume 
46656000000 times greater than 1t appeared to 
be before. 

$. 1109. Air is very neceſſary to moſt animals 


that reſpire after the manner of mankind. For 


they are ſuſtained by breathing it. So that 
animals included in a receiver, out of which 
the air 1s exhauſted, cannot breath any longer, 
nor will their lungs be expanded ; which left 
to themſelves are contracted by their own con- 
tractile force, compreſs the blood-veſſels, and 
hinder the blood from paſſing through the lungs, 
and out of the right ventricle of the heart 
into the left: So that the circulation ſtop- 
ping, the animal muſt die. The larger birds, 
as alſo land- animals, die very ſoon. Fiſh protract 
their lives ſomething longer, yet die at laſt. Some 
inſects continue to live in vacuo, and others die; 
all of them ſwell, becauſe the air that is lodged 
in the blood and humours expands itſelf in the 
veſſels, when the outward preſſure of the at- 
moſphere is taken off, and ſo cauſes a ſwelling 


through the whole body. 


$. 1110. Animals live a long time, and with 


_ pleaſure enough, in air that is condenſed, eſpeci- 


ally if they have ſupplies of freſh air, and ſome 
of the ſtale be let out of the receiver. Hence 
divers can live very well within a large bell that 
is ſunk under water, in air that is compreſſed by 
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300 feet of water, and 9 times denſer than that 
upon the earth's ſurface z3 but they muſt be ſome- 
times refreſhed with new air, and ſome of the 
ſtale air muſt be expelled out of the bell; as 1s 
confirmed by daily experience. Otherwiſe if 


many animals are ſhut up in the ſame air, without 


being ſometimes renewed, they ſoon die; and 
ſo much the ſooner the ſmaller the veſſel is, in 
which they are contained. Is this becauſe of the 
expirations from their lungs, and the tranſpirati- 
ons ſrom the other parts of their bodies, which 


are injurious to life and unfit for reſpiration ? Or 


becauſe animals conſume the air in reſpiration, or 
reduce it from an elaſtick to a fixed ſtate ? Or ra- 
ther is there ſomething in air that drawn in with 
the breath nouriſhes and ſuſtains living creatures, 
which is neceſſary for the preſervation of life, 
and being continually ſecreted from the air is 
mingled with the blood in the lungs, which being 
conſumed by the animal in the veſſel, puts a period 
to it's life? There are Philoſophers that eſpouſe 
all theſe opinions, but perhaps he that takes them 
all in will approach neareſt to the truth. 

§. 1111. As air is neceſſary to the life of ani- 
mals, ſo it is the chief cauſe of the vegetation 
of plants; for no ſeed that is committed to the 
earth in vacuo, watered, and nouriſhed, will ſprout 
and grow as in the open air*. Nay, every little 
plant, even the leaſt moſs, or weeds growing in 
water, immediately die in a place where there is 
no air, or where it is always ſtagnant*. 

$. 1112. There are watery vapours floating in 


the air, ſometimes more, ſometimes leſs. But 


a Phil. Tranſ. N. 414. Clare's Motion of Fluids. 
> Philoſ. Tranſ. N. 23. | 


© Boerhaave, Chem, V. I. p. 428. 
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water penetrating into the pores of vegetables 
and animals, moves the parts, relaxes them, and 
makes them ſwell. Therefore air abounding with 
vapours, and inſinuating itſelf with them into the 
pores of ſome bodies, makes ſuch bodies undergo 
the ſame changes, by this vapour, as by water 
itſelf. Philoſophers have endeavoured to meaſure 
the quantity of vapours, with which the air at 
different times has been impregnated. The in- 
ſtruments contrived for this purpoſe have been 
called hygrometers, hygroftathmicks, hygroſcopes, or 


notiometers; the invention of which is aſcribed to 


Maignan. They are made of a very different 
figure, either of wood, ſtrings, guts of animals, 


parchment, ſponges, leather, cotton, ears of corn, 


oil of vitriol, Sc. The Florentines * have delivered 
the beſt method; and Leupold has collected many 
others *. But we ſhould confide in none of them, 
for all are ſubject to great defects; and both the 
ald and new differ much in their eaſineſs of mo- 
tion, 


$. 1113. Nor will it be either unuſeful or un- 


pleaſant to conſider the whole atmoſphere, of 
which we have hitherto taken a view only of ſome 
parts. The atmoſphere ſurrounds the whole ter- 
raqueous globe on all ſides ; which if it were at 
reſt, nor moved with a diurnal motion about it's 


axis, by the laws of gravitation it would be of a 


ſpherical figure ; becauſe a fluid cannot' be at 
reſt, unleſs the whole ſurface were equally diſtant 


from the center. 


F. 1114. But the earth revolves about it's axis 
with a diurnal motion, and the atmoſphere toge- 
ther along with it. Therefore it's parts will re- 


z Tentam. Flor. p. 14, et ſeq. 
>. 'Theatr. Stat. Univ: p. 1. c: 7. 
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cede from the axis with different centrifugal forces, 
ſo much the greater as the parts are more diſtant 
from the axis, by F. 411. And they will alſo with- 
draw by a direction perpendicular to it. 

$. 1115. Therefore the figure of the atmo- 
ſphere will - become that of a ſpheroid; for it's 
parts in the equator, and places near it on each 
ſide, are much farther from the axis than in places 
nearer the poles; and at the poles, or above them, 
the centrifugal force will be lealt. Therefore the 
greater axis of the atmoſphere will paſs through 
the equator, and the leſſer through the poles. 

$. 1116. Becauſe in a plain paſſing through the 
equator the centrifugal force is directly oppoſite 
to gravity, the air incumbent over the equator 
and neighbouring places will ſuffer the greateſt 
loſs of gravity ; and ſo much the leſs the nearer 
it is to the polar regions. For which reaſon under 
the poles the centrifugal force receives no dimi- 
nution of gravity, whereas it acts againſt it in a 
perpendicular direction under the equator. Where- 
fore the weight of the atmoſphere over the equa- 
tor muſt be the leaſt, and near the poles the 


greateſt of all; as the obſervations made with the 


baroſcope ſufficiently evince. 

§. 1117. Allo the air over the equator muſt 
be much rarer, as weighing leſs, and leſs com- 
preſſing the inferior air on which it incumbs, 
than in places having a greater latitude, in which 
it is cloſer or denſer. pt 


$. 1118. Therefore though the atmoſphere 


may every where receive and imbibe the ſame ex- 


halations of earthy bodies, yet near the earth's 
{uperficies the air in different regions will be of 
a very different denſity and rarity. 'This difference 
is increaſed by mountains, vales, exhalations of 
different ſorts, and vapours. Men find this by 
xt EXPETIENCC, 
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experience, when in ſome countries they obſerve 
the air to be more agreeable to the ſtate and 


_ conſtitution of their bodies than in others. 


$. 1119. In the upper gout of the atmoſphere 
the air is left freely to itſelf, and therefore expands 
itſelf as much as it can. The loftier the air is, 


and the farther it retires from the impurities of 


the earth, ſo much the ſincerer and purer it muſt 
be; the lower and nearer part to the earth, being 


_ compreſſed by the weight of the upper part, will 


be more compact and reduced into a leſs volume. 
Therefore if we imagine a right line extended 
from the earth's ſurface to the ſuperficies of the 
higheſt part of the atmoſphere ; in this there will 
be airy particles of various magnitudes, and ſo 
much the greater as they are nearer to the outmoſt 
limits. 

$. 1120. Becauſe in the baroſcope the mercury 
is preſſed by the weight of the atmoſphere, ſo 
that in this climate upon the earth's ſurface the 
mercury aſcends to the height of 29 inches; if 
any one with a baroſcope ſhould aſcend to the 
top of a high tower or mountain, ſo great a quan- 
tity of air would not incumb upon the mercury 
there as below. 'The mercury here being leſs 
preſſed, would be ſuſpended at a lefs altitude in 
the tube. And experiments made in many coun- 
tries have verified this. I have tried it myſelf in 
the higheſt tower of Utrecht, and have found the 
mercury to deſcend in the tube of an inch, 
whenever I aſcended 824 feet. Feuille on the 
ſhore of Teneriff obſerved the height of the mer- 
cury to be 27 inches 94 lines. Then he went up 
into the higheſt mountain, of 2193 fathoms, 
at the top of which the mercury was only 


17 inches 5 lines high. Yet this will not always 


4 Lucret. L. VI, V. 1101. ; 
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obtain in. a like proportion in the ſame country, 
or even in different countries. Becauſe the at- 
moſphere is not always equally heavy, nor equally 
pure, nor impregnated with exhalations that are 
equally weighty: as alſo not equally hot or cold, 
nor equally elaſtick. Hence it happens, that he 
that examines another's obſervations, does not 
always find them to agree, though made in the 
ſame mountain. | 

9. 1121. If experiments are made with the 
baroſcope at different heights of ſome very high 
mountain, the mercury does not ſubſide in a con- 
ſtant proportion, as would follow from the law 
of elaſticity ; but it always deſcends leſs the higher 
we aſcend. This is ſhewed by many obſervations 
made by Cafſini, Clapyjes b, and Scheuchzer © : Yet 
the expanſions of the air are far from being in an 


inverſe ratio of the preſſing weights, ſince in the 


upper air the expanſions were 1n a greater ratio 
than the inverſe duplicate ratio of the weights. 
This depends, firſt, on the various centrifugal 
forces, by which at different heights the parts of 
the air are impelled upwards. Secondly, on the 
different gravity of the air at different diſtances 
from the center of the earth; according to F. 228. 
And thirdly, the purity of the air, and the elaſtici- 
ty thence ariſing, are variable at different diſtances, 

§ 1122, Becauſe therefore the law of elaſticity 
in the upper air is yet unknown, from thence the 
true altitude of the atmoſphere cannot be derived. 
Alſo the method of determining it from the 
twilights muſt be very uncertain, ſince we cannot 
exactly aſſign their beginning and end. 


— 


® Tentam. Florent, p. 51. &c. / 
b L'Hiſt. de I Acad. Royal. An. 1705. 1733. 
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$. 1123. If we caſt our eyes upwards, we ſhall 
ſee the ſky blue ; becauſe the celeſtial ſpaces above 
the atmoſphere are void, and therefore appear 
black: But the air feflects the light of the fun, 
not by ſeparating it into little rays. This light 
is white, and therefore when we view the hea- 
ven, and the blackneſs mixed with white light, 
we perceive a blue colour. Thus painters of white 
and black paint mixed together make a blue co- 
lour ; for the air does not ſeparate a blue colour 
from light; for then all objects, receiving the 
light reflected by the air, would appear blue. 

§. 1124. As often as terreſtrial bodies are in 
fermentation, efferveſcency, putrifaction, com- 
buſtion, or being fluid boil upon fire, they emit 
exhalations out of themſelves, which are fluid, 
rare, thin, hardly conſpicuous, elaſtick, ſonorous, 
like to air, yet differing from it in their proper- 
ties, as we have ſeen $. 1060. Theſe and other 
elaſtick fluids are found in the air; which alſo 
ſhould be examined had we time for it. Some 
things relating to theſe may be ſeen in the diſ- 
courſes of thoſe moſt excellent Philoſophers, Boyle, 


Mariotte, Cotes, Reaumure, S Graveſand, Hales. 


CHA P. XXXVII. 
Of SOUND. 


$. 1123. CHOUND denotes ſome condition 


in the ſounding bodies; and ſecond- 
ly, a certain affection communicated to the air by 


theſe ſounding bodies; and thirdly, the idea or 
perception formed by the mind, after the organ 


of hearing has been affected by the ſounding air. 


I ſhall treat of theſe three things in this order, 
but voy briefly, 
$. 1126. 
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F. 1126. We may obſerve ſound to be excited, 
as often as a ſolid or fluid body moves ſwiftly 
through the air: as when a ſlender twig vibrates 
ſwiftly backwards and forwards. Secondly, when 
the air ſtrikes very rapidly againſt ſolid bodies at 
reſt; as when the wind blows againſt trees, ca- 
bles, pipes. Or thirdly, when two ſolid bodies, 


air may be affected in ſuch a manner as to pro- 
duce ſound. Let there be ſet before our eyes the ub. 23. 
elaſtick ſtrait ſtring A B, ſtretched at each end A Fig. 2. 
and B. By ſome cauſe or other E let this be bent 
into the ſituation AE B, and then let looſe on 
> ſudden it will reſtore itfelf by it's elaſticity, and 
> pals into an oppoſite ſituation A CB. Now while 
it vibrates in this manner, thoſe parts which were 
accumulated on one another, as in F G, will 

partly recede from one another, when the firing -,, 23. 
is bent into the ſituation H IK, and are partly Fig. 3; 4. 
compreſſed to one another, becauſe the thickneſs | 
> of the {ſtring decreaſes. Therefore the compoling 
parts ſometimes recede from one another, and 
ſometimes accede, as the ſtring by going and re- 
turning paſſes from one inflexion to another. The 
ſound of the body does not conſiſt in theſe Kinds ,, , _ 
of motion. But if the ſtring AB is ſtruck by pig 2 
ſome hard body, ſo that it is not only bent into 
the ſituation A EB, but the parts fo ſtruck are 
alſo agitated by another tremulous motion; then 
| during this tremor of the parts a found is ex- 
cited, hes 

This appears from the following experiments. 

() 2 Firſt, 


plwwuaced in the air, daſh againſt one another. But 18 

the air alone never ſounds of itſelf, nor ſolid bodies N 
In vacuo; but it is neceſſary that there may be air, 4 
and bodies moving in it. 14 
= $. 1127. We muſt therefore enquire, what ml 
i . . * . . . 
motion is required in the ſolid body, ſo that the 1 
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Firſt, let A B be the ſtring of a harpſichord, 


which 1s ſtruck with a crow-quill, and therefore 
oſeillates and ſounds. When the key falls which 
is covered with cloth, the ſound ceaſes, and the 
ſtring continues ſtil] to vibrate. Let a hard body 


be held near it, againſt which it may impinge, 
and it will ſound again, but the oſcillations are 
hindred by this body and not encreaſed; yet a 


ſound is excited, becauſe a new tremor 1s induced 
to the parts that are touched, | | 


Secondly, let the ſtring AB, which is ſtretched 
upon a violin, be ſtruck with a bow that is 
anointed with tallow or oil; the ſtring will vibrate, 
but no ſound will ſucceed : but let the bow be 
made rough with reſin, and the ſtring ſtruck 
with it then will ſound ; for the parts now will 
not only oſcillate, but alſo tremble with a different 
motion. 

Thirdly, a different ſound is heard according as 
a ſtring ſtretched upon a violin 1s ſtruck with a 
different direction, either perpendicular to it's 
length, or oblique to it ; which does not depend 
on the vibrations; for the ſtring vibrates in the 
ſame manner, but the ſound differs becaufe of a 
different tremor of the parts. | 

Fourthly, it a long ſtring is ſtruck to produce 
a ſound, not one ſound only, but ſeveral are heard, 
and as it were an intire concert, as ſome ſkilful 
muſicians teſtify. There is indeed but one ſpecies 
of oſcillation, but ſeveral kinds of tremors, as 
ſome of the parts tremble more eaſily and faſter, 
others more ſlowly. 

_ Fifthly, this obtains not only in ſtrings, but in 
all ſounding bodies whatever. For let a bell be 
ſtruck, and it will give a ſound. Stay a little till 
the ſound 1s heard no longer, but the ofcillations 
of the bell do not yet ceaſe ; then let ſome hard 


I body 
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body be held cloſe to the bell, upon which it 
may. incur with it's vibrations, and a ſound will 
be produced again. 

Sixthly, if ſnow falls upon a bell, it will hard- 
ly ſound if ſtruck z not becauſe there are no 
vibrations, but the ſubſultory motion of the parts 
ceaſes, that was produced by the ſtroke of the 
hammer. | | | 


Seventhly, if the hook A CB be firſt drawn Tab. 23, 


197 


together, and then let looſe, ſo that it may be Fig. 5: 


agitated by it's elaſticity and made to tremble, it 
will not ſound ; but let the part C A incur out- 
wardly upon any hard body, a ſound will preſent- 
ly be heard, although the oſcillations will be 
diminiſhed. 
Eighthly, if a ſtring has but a ſmall tenſion, 
and be violently ſtruck, it will yield but little or 
no found, although it's oſcillations will be large ; 
but if it be very much diſtended, though ſtruck 
but lightly, it will give a loud ſound. 

He that would ſee this opinion ſupported with 
more arguments, may conſult Perault *, Carre , 
and de la Hire. 

$. 1128. Therefore becauſe ſound conſiſts in a 
tremulous or fubſultory motion of the parts in 
the ſounding body, and the various degrees of 
tremor may be greater or leſſer; alſo the intenſe- 
neſs of ſound will depend both on the magnitude 
of the tremor communicated to the parts, and 
likewiſe on the multitude of the trembling parts: 
Therefore to the exciting of an intenſe ſound a 


cauſe violently ſtriking the body is required. Al- 


ſo it muſt be hard; for if a bell be ſtruck with a 
hammer of ſoft wood, it will hardly ſound ; but 
2 Effay de Phyſique. 
» L'Hift, de Acad. Roy. An, 1709. 
© L'Hiſt. de I Acad. -Roy. An. 1716. 
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if with one of metal, or of very hard iron, although 


no heavier than the former, it wilt ſound much 
more intenſely, If a muſical ſtring be ſtruck with 


a crow-quill, a pleaſing and intenſe found will ariſe : 


but if it be a flexible gooſe-quill, or from any 


other bird, when the ſtring is ſtruck it will hardly 
ſound. ; , 
F. 1129. Becauſe all elaſtick bodies are fitteſt 


for receiving and n tremors, they will 


alſo be moſt ſonorous, as is found by experience. 
Hence ſtrings are made of braſs and iron wires, 
alſo of the inteſtines of animals; and muſical in- 
ſtruments of very elaſtick wood, which when a 
ſound is once produced will continue it for ſome 
time; but the parts of ſoft woods hardly trem- 
ble at all, and ſuch bodies being ſtruck give no 
ſound, at leaſt of no continuance ; as when we 
ſtrike lead, or a fluid is poured out of one veſlel 
to a fluid in another, | 
$. 1130. If two ſtretched ſtrings are ſtruck, 
and give a ſound, and one finiſhes it's vibrations 
later, the other ſooner ; the ſound excited by 
each, and compared together, is called a tone; 
that will be the graver which 1s excited by the 
flower vibrations, and that the acuter, made by 
the quicker. Therefore all ſounds are referred to 
grave and acute tones: but the terms where the 
rave ceaſe, and the acute begin, are at diſcretion : 


Theſe are ſometimes fixed by muſicians at the 
middle C of the harpſichord 


8. 1121. Therefore the celerities of the tremors 


ſeem to have ſome correſpondence with the cele- 
rities of oſcillation, at leaſt on many occaſions; 
for this is not univerſally true, as we may infer 
from tones made by ſtrings, which are ftruck in 
oblique direction, or a tranſverſe one; as alſo 


when it is ſqueezed by the finger at the obſtacle, 


either 
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either more lightly or more. ſtrongly, which pro- 
duces yery different cones with the fame vibra- 
tions. py | 

$. 1132. A ſtretched ſtring, ſtruck with not 
too great a force, produces the ſame tone from the 
Yeginnung to the end. 

or it has been obſerved, that the inflexions 

ACB, ADB, AE, of the ſtring AFB, by Tab. 23. 
weights C. D, E, hung at the middle, are as Fig. C. 
theſe weights. Now whereas the action of ela- 
ſticity is as the inflecting weight, it will be as 
the inflexion, or the LF from the point F: 
wherefore the action of elaſticity may be com- 
727 with a heavy body moving in a cycloid 

QR, the force of which is always as the diſtance Tab. 23, 
from the loweſt point Q: therefore this body Fig. 7. 
will finiſh its oſcillations great or ſmall in equal 
times. And thence the elaſtick ſtring will per- 
form it's ofcillations A CB, ADB, AEB in 
equal times, and will give the ſame tone. | 
F. 1133. Mr. Sauveur has computed the ſpace 
paſſed over by a ſtring in a certain time, when it 
is agitated by the greateſt vibrations, and then by 
the leaſt, ſtill producing the ſame tone; and has 
obſerved, that the ſpace in the firſt caſe, within 
2 ſecond of time, is 72 times greater than, in. the 
other. From hence it follows, that the intenſę- 
neſs of the ſound, without, changing the. tone, 


may be 72 times greater than before. 


. 1134. But as in greater inflexions the elaſti- 
city reacts in a greater proportion than accarding 
to the inflexions; a ſtring very much ſtruck and 
bent, will perform it's vibrations quicker, and 
therefore will produce an acuter tone. Nay, 1t 


may happen, that it may ſqueak. Hence 1t is, 


* L'Hiſt. de I Acad, Roy. An. 1700, 
O 4 that 
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that a pipe, when ſtrongly blown into, gives a 
much higher tone than when moderately blown. 

1 his may be ſhewn by à compariſon with two 
pendulums of equal length, but agitated with 


different forces of gravity; for the times of their 


oſcillations will be in the wy ſubduplicate ra- 
tio of their gravities, by & 3 

§. 1135. It has Bae oblerved, that a ſtring 
AB 96 feet long, and ſtretched by a certain 
weight, has vibrated once within one ſecond. A 
bridge being put in the middle C, one half of 
the ſtring finiſhed two vibrations in the ſame 
time. Another bridge being fixed at D, the 
middle of C B, the part BD vibrated four times. 
A bridge being put at the middle of this E, the 
part B E vibrated 8 times in the ſame {pace of 


time. 


So that the number of returns was always re- 
ciprocally as the length of the ſtring; 


F. 1136. We obſerve beſides, that the firecch: 


ed ſtring AB gives a certain tone, and the ſtring 
CB gives a tone . 77 by an octave. DB alſo 
is an octave, and is the octave of this; 
wherefore the acuteneſs of tones are reciprocally 
as the lengths of the ſtrings. | 


9. 1137. Therefore tones are excited by ſtrings, 


that complete determinate vibrations in a cer- 
tain. time. As often as the vibrations, completed 


in the ſame time, are to one another as the fol- 
lowing numbers, the tones by muſicians have 


been diſtinguiſhed by names. 
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2 to 1 is an octave. 
3 to 2 is a fifth. 
4 to 3 is a fourth. 
5 to 4 is a third major. 
6 to g is a third minor. 
5 to 3 is a ſixth major. 
8 to 5 is a ſixth minor. 
9 to 5 is a ſeventh minor. 
15 to 1 is a ſeventh major. 


Seren tones conſtitute an octave; for the eighth 
tone will be the firſt of the following octave. 


A good ear can diſtinguiſh 43 different tones 


in an o&tave *: between every one of which other 
intermediate tones may be inſerted, but ſuch as 
the human ear cannot diſtinguiſh. 
$. 1138. There may be many octaves either 
2 or deſcending. Sauveur 1magines, that 
very ſound, which can be heard diſtinctly and 
with pleaſure by man, 1s comprehended in ten 


_ octaves, Mr. Euler ſays eight; therefore the 


moſt acute tone will make 1024 vibrations, in 
the ſame time that the moſt grave ſhall complete 
1. For in every higher octave there is halt the 


time of the foregoing. But the number 2 2 raiſed , 


to the tenth power is 52%7- 


$. 1139. The number of vibrations performed 
by ſtretched ſtrings in a given time, is as the 


ſquare- root of the weights that ſtretch them, di- 


vided both by the weight of the ſtring, and alfo- 


by it's length.. Therefore if two ſtrings of the 


ſame weight and thickneſs are ſtretched by diffe- 
rent W the number of vibrations in a given 


* L'Hiſt. de I Acad. Roy. An. 1700, 
> Tentam. Muſicæ, c. 1. 


time 


1 to 1 is an uniſon. 3 „b 
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the ſame thing happens to theſe, as to their tones 


e ELEMENTS T 

time will be as the ſquane- roots of the . 
And therefore if the weights are gs 1 and 4, the 
ſtrings will give tones that are otaves to each 
other. 

§. 1140. It two ſtrings of the ſame thickneſs 
are different in length, and are ſtretched by 
weights, which are as the ſquares of the lengths, 
they will have the ſame number of oſcillations in 
the ſame time, and therefore will be uniſons. 

$ 1141, If two ſtrings of the fame length 
differ in thickneſs, being ſtretched in the ratio of 
their thickneſs they will be uniſons. 0 

§. 1142. Therefore two ſtrings of different 
length and thickneſs, ſtretched in a ratio com- 
pounded of the ratio of the thickneſs and the 
duplicate: ratio of the length will be uniſons. 

§. 1143. From this dactrine it appears, why 
in muſical inſtruments ſtrings of difterent thick- 
neſs and ſometimes af. di lengths are made 
uſe of. Why when the thorter. ſtrings are Fruck 
they give very acute tones — "And why from the 
loweſt note of the baſs the: ſame ſtring may be 
fo diſpoſed, that it may be moſt oy nao How 
the number of oſcillations may be known for 
every tone, from the firſt that is audible and very 
deep, to that which is moſt acute, and which al- 
moſt ſqualls to an human ear: ſince the vibra- 


tions of chat in a ſecond are as 121, but of. this 


12800: for 124 & 1024 =. 12800. 
. 1144. What we have delivered concerning 
the vibration of ſtrings obtains in all ſonorous 


bodies, which being ſtruck are excited into like 


vibrations and tremors of the parts, as appears 
from bells, drinking-glaſſes, &c. Theſe when 


ſtruck change their round figure into an oval one, 
by ſucceſſion, as we prove to the eye. Now that 


and 
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and number of their vibrations, appears by Ga- 
tileus's experiment *. For when he preſſed hard 
with his finger the brim of a drinking-glaſs full 
of water, a ſound was raiſed, and waves in the 
water. Then ſtraining the glaſs more forcibly 
with his finger, that the tone might be an octave 
higher, leſſer waves were produced, which moſt 
accurately divided every one of the former waves 4/0 
into two equal parts. 194 

$. 1145. Let us now briefly examine what 118 
ſound is in the air, the theory of which is moſt 14 
fubtile, and which however the great Newton . 
ſeems entirely to have exhauſted. FE ſhall only 
touch upon ſome of the ſimpler fundamentals, 
which may be apprehended by novices. Becauſe 
waves raiſed in the air produce ſound, I fhall 
fhew in ſhort what theſe waves are, that are thus 
excited in the air. e! 

$. 1146. Let us therefore conceive in our minds 
airy particles a, b, c, d, e, f, placed at equal di- Tab. 23. 
ſtances from one another. At a let there be an Fig. 1, 9. | 
> elaſtick body, which is hard and tremulous, whoſe 4 
Parts ſtrike againſt the air, and move it in the Wit 
direction af, Or let a good quantity of air, * 
which is vehemently compreſſed, be let looſe on 
2 ſudden, and in a like manner ſtrike againſt the 
> other air with the direction af. It's particles 
324, b, c, being ſwiftly moved, will ſtrike againſt 
the parts before them, which will reſiſt them. 
But by moving theſe they will be coacervated and 
> condenſed, till the elaſticity of the condenſed air 
© by it's reſiſtance takes away the motion of the 
3 N parts; therefore in ſome intermediate 
PlwKh⸗ace e, between d and f, the denſity of the air 
za greateſt, leſs in d, c, b, and leaſt in a. 
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the ſucceeding waves will be formed. 
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Therefore the denſer and more elaſtick air in e, 


will drive back the particles which had departed 


out of their places, ſo that a will return into it's 


former place, as likewiſe the other intermediate 


particles between d and a. 75 5 

F. 1147. And thus the firſt aerial wave is 
formed. Now becauſe the particles e, f, expand 
themſelves every way by their elaſticity, they 
will alſo be urged by a direction towards m. And 
aſſuming the diſtance f m equal to a f, the great- 
eſt denſity of the air will again be generated be- 
tween k and m, and the leaſt in the middle be- 


tween e and k; becauſe the elaſtick parts e and f 


by reſtoring themſelves, by their motion received 
will be expanded to a greater rarity. Wherefore 
by a greater action of elaſticity between k and m, 
the particles will be again drove back in the di- 


rections le, Ir, till the intermediate ones have 


recovered their former place and denſity. Thus 
another wave is formed, and in the ſame manner 
S. 1148, Theſe waves are not like thoſe 
which are formed concentrically in the plain - ſur. 
face of ſtanding water; but thoſe in air are form- 
ed as it were in the ſuperficies of a ſphere. Be- 
cauſe the condenſed air expands itſelf all manner 
of ways with equal force; and theſe waves are 


not made in an extreme ſuperficies, but in the 


middle of the air. Theſe waves produce ſound, 


which is propagated after the following manner. 


F. 1149. Every ſound is propagated in a ſphe- 


rical expanſion, in whoſe center, is the ſonorous 
body. Let a bell be hung in the middle of an 
ample place; this being ſtruck will be heard on 


all ſides wherever the ear is placed. Hence the 
intenſeneſs of the ſound decreaſes in the reciprocal 
duplicate ratio of the diſtances from the ſounding 
body. [ . FF 1885 §. 1150. 
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IF 1150. Every ſound alſo has 1 limits, be⸗ 
d which it is no longer heard. i 
For if any one that 4 n a loud voice 
nce of 100 perches, he 
cannot be heard at all at the diſtance of 1000. 
But can the limits be aſſigned, beyond which a 


ſound cannot be heard? Not at all. For theſe 


depend on the magnitude of a ſound, which can- 
not be determined. How far indeed a ſound has 
been carried, is known in a manner from ſome 
obſervations. At Florence, at the requeſt of 
Newton, ſome guns have been diſcharged, the 
ſound of which was heard at Liburn, and at the 
old Tower upon Mons Rotundus, which is 5 miles 
farther off. The diſtance of Florence and Liburn 
is 50 Italian miles. The way between them is 
mountainous, and the wind did but little favour 
the paſſage of the ſound. * And guns diſcharged 
at Liburn are heard as far as Porto Ferraio, which 
is 66 miles diſtant from thence. When the 
French beſieged Genoa, the found of the guns was 
heard at Liburn, which is at the diſtance of 90 
Italian miles. Yet nothing certain can be de- 
termined as to the limits of founds, even though 
the magnitude of a ſound might be known ; be- 
cauſe it's propagation depends on the wind, on 
the purity of the air, on the intermixed exhala- 
tions, the elaſticity, denſity, heat of the air, 'and 
on the intervals between it's ſeveral particles. 

F. 1151. Sound is propagated pretty ſlowly *, 
and not always with the ſame velocity, whether 
it be in the fame or in different countries, even 


though the wind ſhould not blow at all. Gaſſen- 


dus ſeems to have been one of the firſt, that gave 


* Philoſ. Tranſ. N. 113. 
d Lucret. 1, 6. v. 166. 
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attention to the ſpace deſcribed by ſound within . 
a given time. He found that in a ſecond found FR 
_ travelled 1473 feet. But the Florentine Philoſo. Þ* 


phers, by the diſcharging of guns, from which they 


were diſtant a known ſpace, determined the velo- | 


city-of ſound more accurately. For whereas the 


flame is ſeen nearly at the ſame time both by near Þ * 


and remote ſpectators, the diſtance of time be- 


tween ſeeing the flame and hearing the ſound by | 


the obſerver, at a given diſtance from the gun, 
will give the velocity of the ſound. According 


to the Horentines ſound will deſcribe 1185 feet in | ] 


a ſecond :. Some of the ableſt Philoſophers in | | 


France, Mr. Caſſini, Huygens, Picart, Romer, ap- 5 


plying themſelves to the ſame enquiry, aſſigned 
a ſpace of 1172 Paris feet to the paſſage of 


ſound in a ſecond ®. In England the ſame thing 
was tried by Flamzſtead and Halley, who made it 
1142 London feet, that 1s rope Paris feet. And 


this menſuration was eſpouſed by the great New- 
von. Others found another degree of celerity : 
nor is it to he doubted, but that in ah, France, 
and England, the obſervations were made with 
the greateſt diligence. And hence J concluded, 
that ſound is not equally ſwift in all regions of 
the earth. Yet Mr. Durham has made this deci- 
ſion doubtful, ſaying, that in all weathers, -whe- 
ther the ſky be clear and ſerene, or cloudy and 
turbid, whether it ſnows or rains, thunders or 
lightens, whether hot or cold, day or night, 


winter or ſummer, whether the mercury in the 
barometer riſes or falls, in all changes of the at- 


moſphere, wind only excepted, that the velocity 


of ſound is neither greater or leſs, but only the 


ſound will be more or leſs loud. 


Tentam. Florent. p. 113. 


Hamel. Hiſt, Acad. Reg. I. 2. ſect. 3. c. 2. | 
1 C. 1152. 
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NATURAL PHILOSOPHY. 
8. 1152. By Knowing the velocity of a ſound 


in it's paſſing through a determinate ſpace, the 


number of pulſes or waves, and their diſtance in 


the air; may be known by help of the rules de- 
livered by the great Newton *: Let the number 
of vibrations be found, by which the ſounding 
body is agitated in a given time. By this num- 
ber let the ſpace be divided, which a pulſe can 


paſs through in the ſame time, and the part found 


will de the latitude of one pulſe. r. Sauvenr 


has found, that an open pipe, of about the length 


_ 


i 
fl 
pl 


of 5. feet, will give a found of the fame tone 
with the ſound. of a ſtring, which vibrates 
100 times in a ſecond 3 wherefore about 100 

waves will be raifed in the ſpace of 1050 Paris 

feet. Hence every wave will be diftant from the 
next 10, feet. Now becauſe a very acute mu- 
ſical tone will be given by a ſtring that makes 
> 6400 returns in a ſecond, it's waves will be from 
one another only 253+ inches. 


$. 1153. This law of ſounds may be of great 


> uſe to matiners, becauſe they may nearly know, 
| by the firing of guns, and by their flaſh being 
? ſeen and report heard, how far ſhips are diſtant 


from them. It may be of uſe to ſoldiers in bes 
ſieging a town, that they may know how far 


they are from the town when they begin to make 


their mines. It is convenient alſo for Geogra- 
phers for meaſuring the diſtances of places, as 
often as inacceſſible rocks lye between the places. 
Alſo it may ſomething advance our ſecurity, to 
know the diſtance of thunder from the place in 
which we are. 128 ; * 
F. 1154, A great and a ſmall ſound is equally 
ſwift in paſſing through the ſame ſpace, though a 


2 Philoſ. Natur. 1. 2. F. 50. 
| great 
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great one may go further. This was found b. 
the Hlorentines, by their experiments made with 


of different kinds. Durbam has confirmed 


the ſame, by obſerving, that a knock with a 
hammer, and the report of a gun, paſſed the 
ſpace of a mile in the ſame time. 
F. 1155. The ſame ſound is obſerved to be 
always equally ſwift in it's paſſage, and therefore 
the celerity of the aerial waves is equable. 
The Florentines were the firſt that obſerved 
this; for when at the diſtance of 3000 cubits 
they heard ſeveral cannons to be diſcharged, and 
counted 10 half-feconds : at a diſtance half as 
much they obſerved the ſound to arrive in half 
the time. Derbam afterwards confirmed the ſame 
by his obſervations, that is, when the motion of 
the ſound is horizontal . But does ſound aſcend 
and deſcend with equal celerity ? Perhaps ſome- 
times 1t aſcends into a mountain with more ſpeed 
than it deſcends, as Derbam has inferred. 
$. 1156. A fair wind accelerates ſound, and fo 
much the more the ſtronger it blows ; but a con- 
trary wind retards it. 18155 
Gaſſendus concluded from his experiments, that 
the wind neither accelerated nor retarded ſound. 
The Horentines confirmed the ſame by their ex- 


periments. But Mr. Derham having frequent op- 


portunity of obſerving the velocity of ſound, 


came to another concluſion. He found that when 
the wind was fair, ſounds paſſed between Black- 
death and Upminſter in the time of 111 half ſeconds. 
But when the wind was contrary, the ſound did 
not — the ſame ſpace but in 122 half ſe- 
Con c f | 


* Phil. Tranſ. N, 313. 


9. 1157. 
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NATURAL PHILOSOPHY. 

F. 1137. A fair wind carries ſound, to a great- 
trary wind. en ae ee ee — 
98.1158. If guns are diſcharged with a horizon- 
tal direction towards the place of obſervation, or 
with a contrary direction, or at any angle what- 
ever to the horizon; the ſound in it's paſſage is 
always equally ſwift, and moves with a like ve- 
locity over uneven and crooked places, as over 
INRA Deo oi oo ae a4 Didy 
F. 1159. A greater ſound, ſtifles a ſmaller, ſo 
that it is either not heard at all, or indiſtinctly. 

For if you are near a large bell while it ſounds, 
one that is near you cannot hear you ſpeak. Nor 
can you be heard any better if you are placed 
among drums, and the diſcharging of great guns. 
8. 1160. Becauſe ſound in the air is a kind of 
wave; it may be reflected by a body on which it 
impinges, and ſo return to the place from which 
it departed. TR | 

The ſame ſound reflected to the place of it's 
original, and there perceived diſtinct from the 
firſt, is called an image or echo, 
$. 1161. The interval will be the ſhorter be- 

tween this and the primary ſound, the nearer the 
obſtacle is to the cauſe of the ſound. If the 
diſtance of the obſtacle from the cauſe be 535 feet, 
there will be the diſtance of a ſecond between the 


er diſtance than, it would be carried with a con- 


primary and reflected ſounds. So that all the 


words pronounced by any one within this time, if 
he then ceaſes to ſpeak, may be heard again, as if 
* by the echo. The farther the ob- 

acle is diſtant from the cauſe, the more time be- 


fore the return of the image; wherefore ſuch an 
echo may conſiſt of many ſyllables, though if the 


obſtacle be near the ſounding cauſe, it may be 
only of one ſyllable. 


Vor. II. P F. 1162, 
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$. 1162, Becauſe the mind does not diſtinguiſh 
ſounds, which arrive at the ear with too ſwift a 
ſucceſſion, but ſome interval 1s required that they 
may be heard diſtinctly; therefore though the 
place may be ſuch as would return the ſound to 
the ſpeaker, yet becauſe of the nearneſs of the 
obſtacle no echo is heard. Skilful muſicians ge- 
nerally exhibit 9 or 10 diſtin tones, on the ſtrings 
of a violin, within a fecond of time, when th 
play very quick, or what they call prefFifſimo ; 
and therefore the ear of an exerciſed muſician can 
only diſtinguiſh the image, when the reflected 


ſound follows the direct ſound with the ſame 


ſwiftneſs as a tone follows a tone in a tune. Now 
that this may be perceived, the obſtacle ought to 
be diſtant 334 feet from the ſounding cauſe; for 
if it is only 50 Paris feet, I doubt whether 
the beſt ear could diſtinguiſh the principal ſound 
from the ſecondary one, but he would on] 
hear a jarring. And a leſs exerciſed ear would 
require a greater diſtance of the obſtacle, to 
hear and diſtinguiſh the echo from the primary 
found, 

F. 1163. If obftacles are at various diftances | 
from the ſpeaker, of which the neareſt are low, 
the remote ones higher; or if there ſhall be only 
two very high obſtacles, which can return the 
ſound to the ſame place, different repetitions of 
the echo will be heard, of which one will follow 
another; becauſe the voice is generally heard more 
faintly, the farther it comes, the firſt echo will 
be the ſtrongeſt which proceeds from the neareſt 
place, the others weaker. So that if the word 


ub! be pronounced, it will repreſent the groans 


of a dying perſon. Alſo very high parallel walls 
will return repeated images, as were thoſe of the 


town of Simonetta, deſcribed by NMircber, — 
. 4 1 — þ 
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and Miſſon, in one of which was a window, 
through which he that ſpoke heard his words 40 

times repeated. Now becauſe the motion of 

ſound is equable, there will be equal times be- 

tween the ſeveral repetitions; as De Lagny and 
Derham have obſerved. 

$. 1164. Whatever can reflect back ſound to 
the place from whence it came, may be the 
cauſe of an echo ; therefore walls, old incloſures 
of cities, thick woods, houſes, and rocks over a 
river, fields rough with turfs or ſhrubs, hollow 
and uneven ſtones, as alſo clouds, may reflect 
ſound. Hence thunder-claps and the repeated 
murmurs of thunder. If a gun be diſcharged in 

> Clear weather, the ſound will be heard only for a 
| moment. But let thick clouds hang in the ſky, 
and ſounds will be produced that will continue ſome 
time. 

F. 1165. Sound may alſo be preſerved, by 
hindering it from expanding "eſe ſpherically: 
This may be done, if it be propagated in tubes 
or long paſſages, by the ſides of which it 1s re- 
flefted ; whence the ſound remains undiſturbed 
till it paſſes from one extremity of the canal to 
the other. Hence, as Mircber obſerves, a ſound 
is carried perfect in the Roman aquæducts, which 
are 300 or 600 feet long; at the orifice of which 
if a perſon ſpeaks, he may be heard and under- 
ſtood at the other extremity. By means of ſuch 
canals, even though they are bent, a ſound may 
be directed to any place. Alſo a ſound, like 
light, may be colle&ed into a ſmall place, which 
will be as it were it's focus; as is proved by 
ſome chambers, the roof of which conſiſts of an 
elliptick arch, in one of the focus's of which if 
aan one whiſpers, he may be plainly heard in the 
| foeus of the other. Alſo tubes are made, which 
= P 2 from 
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. from a wide mouth A finiſh in a narrow pipe B, 


to be put into the auditory paſſage. 'The ſound 
entering the wide aperture, and reflected a number 
of times by the ſides of the tube, is as it were 
condenſed, that it may enter the ear from a 
narrow part, and ſo may ſtrike the membrana 
tympani moſt ſtrongly. The ſame thing is 
obſerved when we apply our ear to the narrow 


orifice of a ſpeaking trumpet, and direct the wi- 


der part towards the ſonorous cauſe. By this me- 
thod we aſſiſt thoſe that are hard of hearing, as 
old men are aſſiſted by ſpectacles. A ſound may 
alſo be diminiſhed and as it were ſuffocated, when 
it falls upon bodies of a looſe texture, and leſs 
elaſtick, of an uneven ſurface, by making it not 
fit for hearing. Hence the voice of a pleader is 
much diminiſhed in a chamber, whoſe walls are 
adorned with looſe tapeſtry; or when in a 

pular aſſembly the ſound is continually intercept- 
ed and ſuffocated, becauſe of the frequent breaks 
between each perſon, and the looſeneſs of their 
clothes. | 

F. 1166. Sound is increaſed, and carried to a 
much greater diſtance, by means of ſpeaking 
trumpets. It is alfo increaſed by the elaſti- 


city of the tube, which being moved by the 


ſounding air continues to tremble for ſome time, 
whence the ſame ſound 1s as it were repeated ; and 
thus the ſame thing 1s done, as if the ſame voice 
was uttered by many at the ſame time, Now 
whereas there is ſome. notable ſpace of time be- 
tween the firſt ſound, and the ultimate tremors 
of the fame continued, the ear can diſtinguiſh 
the firſt ſounds from the laſt. Hence a clangor 
ariſes, which cauſes the ſound to become leſs 
diſtinct. Wherefore that the voice uttered through 
the tube may be diſtinctly underſtood at a great 

\ .- 8 diſtance, 
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diſtance, it is neceſſary that every word ſhould 


be diſtinctly pronounced. 

§. 1167. Alexander the Great is ſaid to have 
had ſuch a tube, with which he called together 
his whole army, however diſperſed, and ſpoke to 
them as if preſent before him. Kzrcher gives us 
a figure of itꝰ, and afterwards had one made like 
it. After him in the year 1654, P. Salar at Paris 
had a tube made 51 feet long for muſical uſes, 
But Sir Samuel Morland applied himſelf to the 
improvement of theſe tubes, and after the year 
1671 they became very well known. He put 
learned men upon finding out, what was the 
beſt form that could be given to the tube. This 
problem was attempted by Cafſegrain *, Coniers, 
and others, but was beſt ſolved by Ha/ius ©, He 


conſtructed a tube A B, conſiſting of an elliptical Tab. 23. 
body A C, with a parabolick one CB annexed. Fig. 1. 


For if the mouth of the ſpeaker be placed in A 
the focus of the ellipſis, the phonick rays A EF, 
AF, AG, AH, reflected by the ſides E, F, G, H, 


will meet in C the other focus of the ellipſis, 


which muſt alſo be the focus of the parabola C B 
conjoined with the ellipſis; the phonick rays 
CK, CE, CM, CN, proceeding from this fo- 
cus C, will be reflected back by the ſides of the 
N K, L, M, N, according to KO, LP, 
R, NS, parallel to the axis CB, and thus they 
may be extended a great way. The parabolical 
form alone may be ſufficient for ſmaller tubes; 
but long ones may be conſtructed of various ellip- 
ſes, conjoined with the parabola. | 


. . Ars mann. 1.2. P.1. . . 
d Journal des Scavans, An. 1672. p. 131. 
© Tract. de Tuba Stenterophonica. 
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$. 1168, Now that we have ſeen what ſound is 
in the ſonorous body, and what in the air; many 
other things may be underſtood, which depend 
on the action of both. 3 

Let two muſical ſtrings be uniſons, either in the 
ſame, or in two different inſtruments near to one 
another. When one is ſtruck, the other ſtring 
will ſound alſo, and it's tremor will be ſenſible by 
putting ſome very light body upon it. For as 
the air is excited into waves by the trembling 
ſtring, theſe ſtrike againſt the other ſtring, which 


to tremble with the ſame velocity. | 

$. 1169. If there be two ſtrings ſtretched upon 
two inſtruments, or the ſame, and octaves to each 
other, that being ſtruck which gives the acuter 
ſound, the other will ſound alſo; and in the 
middle of it's length this will have a kind of node 
which will not move at all; becauſe the ſtring 
that has the acuter ſound is agitated by the air 
into waves vibrating as faſt again as the other 
ſtring can move; yet it ſhakes it, and agitates by 
tremors of the ſame celerity : and therefore this 
in it's middle muſt have a point at reſt; for if it 
was as ſhort again, it would be uniſon with the 
tone of the other. But there are obſerved to be 
ſeveral intermediate points at reſt in ſtrings, which 
when ſtruck would ſound various octaves; for by 
this means they all become uniſons. 

§. 1170. From hence it may be underſtood, 
when ſome bodies are ſounding, why our limbs 
and bones ſhudder? Why the glaſſes of windows, 
drinking-glaſſes, houſes themſelves, and other bo- 
dies in them give a ſound? For all things that 
are ſtrung to uniſons, or the graver octaves, to 


the ſounding body that is ſtruck, muſt ſound 


with it, as it happens to muſical ſtrings, by 
95 1168, 1169. 
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Secondly, why does all ſound ceaſe in Mr. Boyle's 
vacuum ? Becauſe though the bell may vibrate 
in vacuo, yet it cannot communicate it's tremors 
either to the air, or to any other body : there- 
fore there is nothing to move the external air, or 
ſhake the organ of hearing. 

Thirdly, if the experiment is not tried very 
accurately, though all the air be exhauſted out 


of the receiver, yet if the bell can communi- 


cate it's tremors to the receiver, or any other ſolid 
body on which it ſtands, which may impart it's 
tremors to the external air; then ſome ſound will 
be heard if the bell be ſtruck. 

Fourthly, is not the ſound diminiſhed in thin- 
ner air, becauſe of a leſs degree of elaſticity in 
rarified air? Therefore in a denſer air the intenſe- 
neſs of the ſound muſt be increaſed. And a bell 
ſhut up in condenſed air may be heard to a great- 
er diſtance than when it ſounds in a thinner air, 
If this be true, then the elaſticity of the air being 
increaſed, and the ſame denſity continuing, as 
when air included in a receiver is heated at the 
fire, the intenſeneſs of the ſound muſt increafe 
alſo. That it is ſo, ſome Philoſophers have alſo 
obſerved. 

Fifthly, when pipes are blown into, does the 


| ſound depend on the tremulous motion of the 


reed or tongue, as alſo of the air paſſing through 
the pipes, the waves of which are propegeed 
quicker or ſlower according to the different 
lengths of the pipes, or the fituation of the holes 
on the ſides? r does the ſound of pipes depend 
on the tremors of the internal air only? Many 


things are ſtill behind, which regard ſound in the 


air, but which cannot be diſcuſſed in theſe inſti- 
tutions. 5 

$. 1171. It is now neceſſary to conſider briefly 

Y T4 what 


215 


216 


Tab. 23. 


Fig. 12. 


We ELEMENTS of 


what ſound is in the mind, and how this is affected 
by the ſenſe of hearing. But this cannot be done 
till in ſome meaſure we explain the ſtructure of 
the ear, as we deſcribed the eye when we treated 
of viſion, Men have two ears diſpoſed in ſuch a 
manner on each ſide of the head, that whatever 
_ approaches to the head muſt ſtrike one or 
both. 
S. 1172. The proper ſubſtance. of the ear is 
cartilaginous, thin, elaſtick, that it may eaſily be 
excited into tremors by the waves in the air. It 
is covered with membranes, that ſounds may not 
become jarring. The external ſuperficies AB 
has certain eminences, and cavities, appointed 
and fitted for receiving, reflecting, and di- 
recting found into the hollow of the ear, that 
it may not fly off and eſcape, before the ſenſe is 
affected by it. Alſo it may be ſo extended, ex- 
panded, and flatned, by means of three inter- 
nal muſcles, and as many external, that it may 
be adapted to receive, and on ſome occaſions 
drive away any tremors and ſounds whatever, and 
that it may tremble in harmony with them. 

$. 1173. At the bottom of the concha, under 
the cartilaginous tragus C, begins the auditory 
paſſage, which is of an elliptical figure, whoſe 
aperture is generally r lines of ſquare inches, 
and of a magnitude in reſpe& of the whole ear, 
as 1 to 50. So that the ſound falling upon the ear, 
and entering the paſſage, may be 5o times more 
intenſe than if it had entered the paſſage without 
ſtriking the ear. Here is the tube DE, having 
hard and as it were horny entrances, being partly 
bony and partly cartilaginous, 9 lines long, 4 
deep, and 3 broad, of a cylindro-elliptical figure, 


aſcending with a ſerpentine proceſs DF, then 
deſcending as F E, and again aſcending, It is ter- 


minated 
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minated by the membrane of the 7ympanum G, 
placed obliquely, forming an obtuſe angle on the 
upper part, and an acute one below, that the 
ſound might not ſtrike it directly, but after vari- 
ous reflections in this tube, might fall very ob- 
liquely upon the membrane from the upper part 
downwards. By this ſtructure it continues ſafe! 
defended for a long time, nor is it eaſily burſt 
by violent ſounds. 

$. 1174. The membrana tympani cloſely ad- 
heres on all ſides to the margin of the bony 
paſſage, and 1s no where perforated. It is con- 
cave towards the external part of the ear, and 
convex towards the internal. The handle of the 
mallet h adheres to it extended almoſt as far 


as it's middle. Now the mallet is connected by 


a joint to the anvil k, this to a little bone i, and 
this to the ſtirrup n. Three muſcles fixed to the 
mallet are the means by which the membrana 
tympani may be diſtended, relaxed, may become 
more convex or flatter ; by which it 1s brought 
to paſs, that it may tremble harmonically with 

the found affecting it. | 
$. 1175. After the membrana tympani there 
follows a remarkable cavity, called the hmpanum, 
or the cavity of the ympanum. It is of an irre- 
gular figure, like to an elliptical body, of the 
length and breadth of 4 lines. In this ympanum 
are placed the four little bones aforementioned. 
Into this alſo open the mouths of the cellule 
maſtoideæ, alſo the feneſtra rotunda, the feneſtra 
ovalis, and Euſtachian tube M. The air paſſes 
freely through this out of the cavity to the 
inward part of the mouth, and enters into the 
cavity out of the mouth, ſo that it may have the 
lame elaſticity with the external air. When the 
exterior ſonorous air affects the membrana ert 
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| G, by the tremor of this the internal air of the 
| tympanum will be excited into like waves. 5 
F. 1176. The other internal part of the ear is ir 
the labyrinth, in which we firit meet with the | | » 
| veſtibulum, which is hollow, of an irregular fi- t 


gure, the length and breadth 2 lines, and one and |. { 
| an half deep, entering into the os petroſum. Into 
| this open the five orifices of the three ſemicircular = 
: canals O, P, Q, and the orifice of the cochlea Ss, 1 
d five orifices for the nerves above 8, and the feneFra | | 
| ovalis, which is ſhut up in a membrane, to which | 1 
the ſtapes n adheres. 
| There are three long ſemicircular canals, oO,  { 
| P, Q, having only five orifices, and an ellip- - 
" _ tf 
( 
| 
{ 


3 
2 n 


tical cavity within, opening into the vgſtibulum 
r; as alſo the cochlea 8, which is a bony conoi- 
deal canal ST, involved about a cone, completing 
twq revolutions and an half, which tend from | © 
the baſe to the acute apex T. The cavity of the 5 
cochlea is divided into two hollows, ſeparated | 
from each other by means of a very thin parti“ 
tion X Z, partly bony a, a, a, and partly mem 
| branaceous b, b, b. The fibres of this mem- 
| brane run outwards from the axis of the cochlea, 
| as rays of a circle from the center to the peri- 
| hery, and therefore are of a very different 
1 N reckoning them from the broader baſe to 
= the vertex. So that this membrane is as it were a 
triangular ſcale, compoſed of many extended 
ſtrings of different lengths. 
| Yu The other cavity of the cochlea is terminated 
| at the round aperture ſhut up by a thin mem- 
l . brane. This aperture ends in the cavity of the 
ll tympanum, and is oppoſite to the center of it's 
| | 
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§. 1177. The auditory nerve begins to be ſcen 
in the brain at Willis's annular protuberance, di- 
ſtinguiſhed | 
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ſtinguiſned into two parts, the /oft one and the 
hard one, both which enter into a broad aperture 
in the os petroſum. Part of the ſoft enters the 
veftibulum r, through five apertures near 8, and. 
there forms a membrane, covering the internal 


ſuperficies of the veſtilulum, and of the ſemi- 


circular canals O, P, Q. Then they run within 
the duplicature of the triangular Scale X Z, (Fig. 
14.) in the cochlea, in which they are expanded: 
And therefore this is properly the organ of hear- 
ing. 
7 he cavitiesof this labyrinth arefilled with a ſuf- 
ficient quantity of air, of the ſame elaſticity of that 
in the hollow of the tympanum, which yet does not 
enter or go out at any particular aperture. It is 
only brought in with the humours, which are eva- 
porated out of the veſſels, that the nerves ma 
continue limber. Which air is again abſorbed 
with the ſame vapours, and ſo is perpetually re- 
newed. | 

F. 1178. Wherefore the ſenſe of hearing is 
performed after the following manner. The 
ſound excited in the external air arrives at the 


ear AB, enters the concha, then the auditory paſ- Tab. 22. 


219 


ſage DE, and communicates it's tremors to the Fig. 1: 


membrane of the tympanum G. When this 1s 
ſet on trembling, the air in the hollow of the 
tympanum is alſo agitated into ſonorous waves, 
Theſe meet the membrane of the foramen rotundum, 
and put it into tremors. This affects the air con- 
tained in one of the cavities of the cochlea, which 


affects the nerves in the ſcale of the cochlea 8, 


which motion carried to the brain by means of 
the nerve, produces the ſenſation of hearing in the 
mind. Perhaps indeed it does not hear very di- 
ſtinctly, yet it hears however in ſome meaſure. If 
the mind defires to perceive the tones very di- 

WE. ſtinctly, 
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ſtinctly, the membrane of the hmpanum G is 
diſtended by means of the muſcles of the maller, 
that 1t may tremble in harmony ; alſo by means 
of the muſcle of the tapes the membrane of the 
feneftra ovalis is diſtended, that this alſo may trem- 
ble harmonically with it's little bones, and with 
greater vehemence than it could be affected by the 
air of the hympanum alone. When this membrane 
trembles, the interior air in the labyrinth r will 
tremble alſo, which affects the nerves that are 
expanded over the internal ſuperficies of the ſemi- 
circular canals O, P, Q, and at the ſame time 
thoſe in the ſcale of the cochlea S. But any 
ſound excited in this air, will affect ſome of the 
fibrils b, b, b, Fig. 14. which are harmonically 
diſtended by F. 1168, and 1169. And theſe 
will affe& the nerves, which carry theſe motions 
to the mind by the medium of the brain, and are 
the occaſion that the mind perceives very diſtinctly 
all ſonorous tones. 


CH A P. XXXVIIL 


General matters concerning aerial Meteors. 


LL bodies that are above us be- 
tween the heaven and the earth, 
which are ſuſpended, float, move, are driven, ſet 
on fire, conjoined, ſeparated, aſcend, deſcend, 
and produce any phenomena whatever, we call 
Weteors. FEM 

1180. Many and various exhalations continu- 
ally expire out of the body of the earth, which 


mount aloft and are mingled with the air. Theſe 


are the moſt ſubtile particles of almoſt all earthly 
bodies, whether ſolids or fluids, whether produc- 
ed by nature or art. Theſe are firſt, whatever 

conſtitutes 
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conſtitutes the odorous ſpirit of plants, flowers, 
or fruits, which 1s wont to exhale from them, 


* 2nd is volatile. Secondly, the waters of plants 
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exhaling of their own accord, or drawn from them 
by the ſun. Thirdly, burning ſpirits, which are 
compoſed of the fermented juices of plants, prepar- 
ed by art in great plenty for the uſe of mankind, 
and are volatile; to which nature alſo produces 
the like, as often as the moiſture eſcaping from 
ſucculent plants is committed to the warm air; 
or the plants themſelves moiſtned with water are 


expoſed to the ſame air. Hence the waters of 


ſome rivers ferment, and throw out burning ſpi- 
rits, as is well known of the Thames-water ; and 
Tylkewſky has obſerved the ſame thing of the wa- 
ter of the river Aluta *, Fourthly, the ſun cauſes 
the oils of plants to become volatile, and diſperſes 
them through the air, as we are informed by dry- 
ing them, by which we find they are ſo far diſ- 
charged from their oils, that they cannot afford 
nutriment for fire. The dreadful ſtench that in- 
feſts the laboratories of thoſe that make ſoap de- 
pends only on their volatile oil. Fifthly, the 
ſalts of plants aſcend alſo into the air, as the ſalt 
ſmoke of burnt plants ſnews us. As alſo by pu- 
trefaction, exſiccation, fermentation, they become 
volatile and eſcape. Sixthly, beſides ſalts and 
oils, fmoke carries with it alſo much volatile 
earth. The aſhes of burning mountains, as of 
ina and Veſuvius, mount up into the air to the 
height of 100 miles. Alſo the winds of Egypt, 
Ethiopia, Arabia, Guzarath, and Libya, carry up 
the fine ſands like waves, by which the army 


2 Philoſoph. Curios. 
d Philof, Tranſ. N. 21. 
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of Cambyſes was overwhelmed . Seventhly, in- 


to the atmoſphere are received all the ſubtileſt }F 1 


parts that expire from the bodies of all ani- 


mals, and which are known by the name of 
Sanctorius's 3 Eighthly, the ſweat of | 

inthly, the very ſubtile oils of ani- | 
mals, produced by putrifying carcaſſes. Tenthly, | 
the volatile ſalts of animals. Eleventhly, of the | 


animals. 


foſſil kind more fill the atmoſphere than can be 


here mentioned; the chief are, the vapours of | 
river waters and of the ocean. Twelfthly, ſul- 
phurs unburnt, which are thrown out plentifully | 
from burning mountains, or are contained in the | 
ſmoke of the pumice. Very fuffocating acid ſpi- | 
rits expire from theſe as they burn, ſuch as from | 
thoſe places which are called Averna; as at Cumæ, 
in the citadel of Athens, and in Syria. Hither |} 
are to be referred arſenic, auripigmentum, cobalt, 


ſulphur of antimony, biſmuth, zinc. Alſo thoſe 


things which in other places proceed out of the 
ſuperficies of the earth, and often take fire; as at 


Gratianopolis, and are deſcribed by Blanchini in | 


the country of Petremala ©, ſuch alſo as Galatius* 
has obſerved as he travelled to Burigatia; and 
other inflammables very elegantly deſcribed by 
Ripa . There are alſo many ſprings, the waters 
of which are inflamed as ſoon as a candle is put 
to them, - becauſe of a thin ſulphur, iſſuing out of 
the earth together with the water, and more vo- 
latile than itlelf *. Thirteenthly, oils of the earth, 


Seneca. Q. N. I. 2. c. 30, Varenii Geograph. 8. 6. 
C. 21. : | | | 


o Lucret. 1. 6. v. 740. 

© L'Hift. de l' Acad. Roy. An. 1706. 
Comment. Bonon. v. 1. p. 106. 
Diſſert. Meteorol. 

f Lucret. 1. 6. v. 879. 8 
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4 and petreols. That 1s very volatile which is gathered 


* from mount Ciaro . Fourteenthly, very different 
kinds of ſalts, all which are ſomething volatile, 
and help to fill the atmoſphere. Chiefly the ma- 
trix of nitre, vitriol, alum, ſea-ſalt, &c. and the 
F acid ſpirits of theſe burſting out of vulcanos, or 


produced up and down by ſubterraneous fires, 


Then the acidum vagum of fountains and mines z 
for this is uſed to corrode metals and other bodies 
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in the air. Fifteenthly, as alſo the parts of all 
metals and ſemi-metals may be made volatile by 


common fire, whether alone, or by means of o- 
ther bodies added to them. Sixteenthly, likewiſe 
innumerable other things which continually ex- 
pire upwards out of the bowels of the earth; 
chiefly out of mines of metals, which make mens 


faces pale, or cauſe their deaths. Lifter has 
took notice of four different ſorts, that are found 


in mines of pumice , which extinguiſh the can- 
dles of the workmen, or ſuffocate them, or 
throw them into convulſions, or when ſet on fire 
diſperfe every thing with great violence. To 
which may be added the ſpirit in the Grotta de Cant, 
which riſes only to a ſmall height from the 
ground, or that which riſes in the quarry of Pyr- 
mont. As alſo that which is ſo deadly, and ex- 
pires out of a well in the iſle of Fight *. A pe- 
ſtilential vapour proceeds out of a mountain of 
Phryzia near Hierapolis *. Whatever therefore 
can be done by the art of chemiſtry, by means of 
fermentation, putrefaction, ſolution, attrition, 


* L'Hift. de PAcad. Roy. An. 1736. 
d Luctet. 1. 6. v. 808. 
© Philo. Tranſ. N. 117. 
* Philoſ. Tranſ. N. 448. 
* Philoſ. Tranſ. N. 450. 
f Plin, I. 2. c. 93. 
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efferveſcency, or by fire, the ſame is alſo per. 


formed by nature, which uſes the like operations, 
and aſcends into the atmoſphere, which thus be- 
comes a moſt complete and 7 chemical la- 
boratory, containing parts of all kinds of bodies, 
and innumerable compoſitions. Seventeenthly, 
beſides all theſe many plants are diſperſed and float 
in the air, ſuch as mucagos, moſſes, the moſt 
ſubtile and inviſible ſeeds of plants and fungus's, 
Laſtly, a great diverſity of animalcula. 
$. 1181. Sometimes vaſt quantities and large 
tracts of corpuſcles of the ſame kind ſwim in 
the atmoſphere, which only differ from their 
former condition, when being collected they com- 
poſed a maſs, that they are converted from ſolid 
to fluid, or from fluid to a rarer fluid; and their 
arts farther ſeparated from one another, now 
3 in the air, are in no wiſe contiguous or ad- 
here together. So that they retain many proper- 
ties which are not changed by their rarity, and 
can exert the ſame forces as before when they 
compoſed a fluid or a ſolid, or as ſoon as they 
ſhall be united again into one mals. 
$. 1182. Such kind of tracts of uniform parts 
remaining in the atmoſphere, when driven by the 
winds meet with other parts of a different kind, 
and are mingled with them. Then the ſame or 
like effects will ariſe, as we obſerve to be pro- 
duced by the artificial mixture of the ſame bodies, 


But becauſe we mortals have hitherto diſſolved but 


very few bodies into parts, and mingled or com- 
pounded them together; but in the atmoſphere 
there abide parts of almoſt all kinds of terreſtrial bo- 
dies, which meet with one another, and are blended 
aloft ; effects will ariſe from theſe that have not been 
yet obſerved, nor have we ſeen the like here below. 
Therefore very many phenomena will ſhew em 
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ſelves, which cannot be clearly underſtood or ex- 
plained z except when we ſhall have made a great 
number of experiments upon mixtures, of which 
however a perfect doctrine cannot be had becauſe 
of their number, as will appear to every one that 
is converſant in the ſcience of combinations. So 
that Philoſophers will always be ignorant of the 
cauſes of ſome meteors. 

But alſo very many different things mixed to- 
gether produce motions that are much alike, and 
therefore in the upper regions like phenomena 
will often be exhibited by various exhalations. 
So that there will not always be the ſame cauſe 
for the ſame appearances. | 

$. 1183. And whereas great changes are made 
by reaſon of the very great motions in the ſecret 
bowels of the earth, and the denſe or ſtony cruſts 
are broken and removed, which before hindered 
the exhalations of ſome bodies from burſting forth ; 
but now the foil being broken through, and the 
Jaws laid open, they can mount on high, raiſe 
new phenomena not ſeen or heard of before, 
which endure as long as there is any ſuch matter 
to ſubſiſt them. But this being removed or con- 
ſumed, they will again ceaſe. Is it not from 
hence that ſome ages are more fruitful in pro- 
ducing ſtrange meteors, and others more barren ? 
There will be alſo meteors that are peculiar to 
their own ſoil, and depend upon the different 
exhalations of different regions, Therefore to 
arrive at an accurate knowledge of meteors it 
is required, that every one ſhould carefully ob- 
ſerve and deſcribe thoſe of his own country. 


S. 1184. Whatever aſcends into the air from 


the earth, is called a vapour or exhalation. A va- 
pour conſiſts of any aqueous and moiſt parts. An 


exhalation conſiſts of the ſubtileſt parts of any 
Vol. II. e fold 
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ſolid or fluid bodies, that are not aqueous or 
moiſt. | 

1185. A vaſt quantity of vapours and exha- 
lations is continually aſcending on high from the 


earth, with which as the atmoſphere is filled and 


corrupted, it is neceſſary that many phenomena 
muſt ariſe. At Utrecht I found from many years 
obſervations, upon the evaporation of water in 
an open but ſhady place, that by taking a mean 


in about the ſpace of one year it was equal to 29 


Rbhinland inches; from which the obſervations 
taken by M. Sedileau in France hardly differ *; 
yet Dr. Halley found, that from a veſſel full of 
water, and placed in Greſham college in ſuch a 
manner, that the ſun or winds could not well get 
at it, by the exhalation of a whole year only 
eight inches were loſt. If we rely upon ovr 
obſervations, and ſuppoſe 29 inches to have eva- 
8 theſe floating in the air, and made at 
leaft 1000 times rarer, will poſſeſs a perpendicu- 
lar altitude of 24.16 feet. If half the ſurface of 
the earth is ſuppoſed to be covered with water, 
and a like quantity of water aſcends every where, 


the whole atmoſphere all round the earth would 


be filled with vapours alone, to the perpendicular 
altitude of 1208 feet. How many millions of 
buts of water under the form of vapour aſcend in 
one day from the Mediterranean ſea, the great 
Halley has determined by a fine experiment“, ſo 
that the quantity of vapour that ariſes daily ex- 
ceeds belief. The other part of the earth's ſu- 
perficies is every where thick with plants, except 
ſome ſandy deſert places. The plants perſpire 
the greateſt quantity of exhalations and vapours ; 


Memoir. Math. & Phyſic. A. 1692. 
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for according to the obſervations of the worthy 
Dr. Hales *, an heliotrope 3% feet high in the 
ſpace of 12 hours exſpired at leaſt 14 of a pound, 
and therefore almoſt as much as the ſun is uſed to 
raiſe in a day's time, from a ſurface of three ſquare 
feet. If we admit of a like exſpiration from all 
the other plants, the vegetables will not ſend u 

a leſs quantity, than the vapours that ariſe from 
all the waters. Animals alſo perſpire very much 
from their bodies; for the perſpiration of an 
adult man 1s to that of the heliotrope before 
mentioned, as 141 to 100; and fo it may be 
ſuppoſed of the other animals: for Dr. Keil ob- 
ſerves, that in 24 hours a man exſpires 31 ounces z 
and Dr. Hales has obſerved, that the heliotro 

perſpires 22 ounces in the fame time. Though 
we do not know the number of animals, that live 
upon the earth at the ſame time, yet we know it 
to be very great; wherefore the exhalations of 
animals will not a little contribute to fill the at- 
moſphere. To which if we add the exhalations 
of vegetables, which are drying or rotting over 
the whole earth, alſo the copicus fumes of bodies 
burning for daily uſe, as alſo of burning moun- 


tains, and likewiſe the various parts perſpired out 


of the bowels of the earth, or thrown out by ſub- 
terraneous fires; it appears that a vaſt quantity 
of exhalations and vapours is continually mount- 
ing into the regions of the air, which will ſupply 
a ſufficient fund for the production of meteors. 
$. 1186, Vapours and exhalations aſcend up- 
wards for various cauſes, of which theſe are the 
chief. Furſt, earthly fire, ſubterraneous fire, and 


that of the ſun, entering into bodies agitates their 


parts with a rapid motion, drives out of the bo- 


* Vegetable Staticks, F. 1. 
Q 2 dies 
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dies the moſt ſubtile of them when parted from 
matter, and with great rapidity forces them u 

wards by the laws of percuſſion : alſo fire enters 
into the particles of bodies, and rarifies them. 
If therefore it has ſeparated any of them from it's 
aſſociation with the reſt, and then rarified them, 
ſo that thoſe which before were of the ſame ſpeci- 
fick gravity as water, have acquired a diameter 
ten times greater, they will haye 1000 times a 
greater volume, under which ſtill concluding the 
{ame quantity of matter, they will be ſpecifically 
lighter than air, fo that they will aſcend through 
it, till they meet with rarer air, and ſuch as is of 
the ſame denſity as themſelves : therefore the hea- 
vier the air is, the leſs rarefattion of bodies is re- 


quired to make them aſcend; and the lighter and 


rarer the air is, ſo much greater the rarefaction 
of the bodies muſt be. Therefore when the mer- 
cury is low in the Torrice/kan tube, few vapours 
aſcend ; but in greater plenty when the mercury 
is higher, as Dr. Garden has often obſerved *. 
Again, fire diſſolves bodies into very fine parts; 
if therefore it ſhall ſtrike any the moſt ſubtil from 
the other maſs, which becauſe of their ſubtilty are 
lighter than the ſeveral particles of air, they may 
be carried up by the air, in the ſame manner as 
thoſe that are ſpecifically lighter. Again, many 
bodies being expoſed to the ſame fire as air is, can 
receive more fire into them than the air does, and 
can retain it for ſome time. And whereas fire en- 
deavours to be in equilibrio with all the neigh- 
bouring bodies and ſpaces, by F. 791, 793, as 
ſoonas it has forced the ſubtile parts of bodies from 


their company, and has entered more plentifully in- 


to their pores than in the contiguous air, it flies 


away wita them into the air, and ſo much the more 


» Philoſ. Tranſ. No. 171. 
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rapidly, as the difference of equilibrium is greater, 
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in the heat of the air, and of thoſe parts in which 
they reſide. But on this account the volatile parts 
are hurried away with their fire, as well ſide-ways 


as upwards; as we may ſee in an evening in clear 


ſummer days, when the vapour ariſes out of the 
ditches, and expands itſelf as well laterally over 
the adjoining meadows as upright; or in the time 
of froſt at an evening, if we make a large aper- 
ture in the 1ce, a vapour of water warmer than 
the air will riſe in- great plenty out of it. Again, 
as often as the parts of bodies are ſeparated by 
fire, and withdraw out of the ſphere of it's at- 
traction, they enter as it were into a ſphere of re- 
pulſion, by driving one another away, by which 
means they are rendered volatile by the fire. If 
therefore this repulſion is according to the quanti- 
ty of heat, as in ſome ſort may be concluded, it 
eaſily appears why vapour may at all times iſſue 
from water, when expoſed to the open air. For 
ſince by F. 729, the vapour of boiling water is 
14000 times rarer than water, and the heat then 
is indicated at 212 degrees by Fabrenheyt's Ther- 
mometer, ſuppoſing ſummer heat to be eſtimated 
at 91 degrees, the vapour will be £943 times 
rarer than water. And putting the heat in this 
Thermometer at 32 degrees, the vapour will be 
2113 times rarer than water: but air is generally 
600 or 700 times rarer than water; therefore 
ſuch vapour will be ſtill rarer than air. So that 
in winter, from an aperture in the ice, a vapour 
may ariſe, and aſcend into the air, as the event 
will inform us. Fire ſeems to be the chief reaſon, 
why particles from bodies fly aloft. For more 
water never aſcends into the air than on a ſum— 
mer's day, when the ſun is very hot. Alſo firm 
bodies in the fire become volatile. . 


23 Secondly, 
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Secondly, not only the parts of bodies that are 


ſeparated by fire acquire a force of repulſion, but 
likewiſe thoſe that are ſeparated from the reſt by 
fermentation, putre faction, permiſtion, ſeparation 
and efferveſcence; Therefore much vapour and 
exhalation 1s then uſed to ariſe from bodies, which 
are expoſed to ſuch actions. But that no doubt 
may remain, whether a volatility of the parts may 
proceed from ſeparation alone, take notice when- 
ever you ſee a river that falls down a precipice 
upon a rock which it daſhes againſt, how much 
vapour ariſes from hence. In Canada the river 
Niagara falls down a ſteep rock of 156 feet high, 
with vaſt noiſe which is heard by all the country 
round about, and forms a cloud by the particles 
that fly off, riſing in the form of a thick miſt, 
which may be ſeen at the diſtance of five miles“. 
Calſini tells us ſomething like this of the fall of the 
river Yelino * ; as alſo Leopold of the river Giotha 
EIF in Sweden. l 

Thirdly, air is attracted by water, and by many 
other fluids, and ſo there becomes a kind of ſo— 
lution. By a like action water and fluids are at- 
tracted by air. And therefore the parts of water 
and of other fluids attracted by air, as ſoon as 
they are ſcparated from the maſles to which they 
belong, will aſcend into the air, and be there 
diſperſed. _ 7237 

Fourthly, winds alſo raiſe many parts of bodies, 
but . aqueous vapours, and hurry them 
away along with them. Hence wet cloths, when 
expoſed to the wind, are ſoon dried. 

Laſtly, whatever can bring it about, that parts 
of bodies, when ſeparated from them, ſhall become 


2 Philoſ. Tranſ. N. 371. 
» Memoir. Adopt. T. 6. 
© Relatio Epiſt. p. 97. 


ſpecifically 


| 
3 
4 
1 
4 


1 e 


r 


NATURAL PHILOSOPHY. 


ſpecifically lighter than air, will be the cauſe of 
their aſcent. If ſuch particles have much leſs 
ſpecifick gravity than air, and meet others that 
are heavier, to which they adhere ; they will com- 
poſe a mals that is ſtill ſpecifically lighter than air, 
and which together with them can aſcend on 
high. 

5 1187. That vapours aſcend from the earth 
we diſcover ; firſt, when we ſee the ground and di- 
ſtant mountains to throw out a fume. Secondly, 
hills at a great diſtance, though in a ſerene ſky, 
have their heads as it were in a cloud. Thirdly, 
all bodies at a great diſtance ſeem as it were to 
twinkle. Fourthly, vapour aſcends out of lakes 
and marſhes under the appearance of miſt. Fifth- 
ly, the ſun and moon, at their ſetting and riſing, 
are very ruddy. - SEA 

$. 1188. Becauſe the denſity of the atmoſphere, 
and therefore it's ſpecifick gravity, differs at dif- 
ferent diſtances from the ſurface of the earth ; 
vapours and exhalations may aſcend to various 


altitudes. Thoſe which are rarcſt, or repel one 


another with a great force, to the greateſt di- 
ſtances. But thoſe to the leaſt whoſe ſpecifick 
gravity hardly differs from that of the air: Or 
which have been urged upwards by a ſmall mo- 
tion, whether mechanical or that of repulſion. 
They ariſe to an intermediate altitude, the gra- 
vity of which is in guilibrio with the air of the 
middle region. 

F. 1189. From all which it is plain why clouds 
are formed at different diſtances from the earth; 
and other meteors now happen at a greater diſtance 
from it, and now not far from the ground. Alſo 
why when the denſity of the air changes in the 
lame place, the exhalations there ſuſpended either 
ind or deſcend. | 

Q-4. Y. 1190. 
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S. 1190, The denſer the atmoſphere is, ſo much 
the fitter it is for ſupporting vapours and exhala- 
tions; and the rarer the air is, ſo much the more 
unfit it will be. Now in winter the cold atmo- 
ſphere is denſer and heavier, as is proved by the 
barometrical obſervations of this climate. There. 
fore in winter the atmoſphere can receive and re- 
tain the greateſt quantity of vapours and exhala- 
tions, and therefore at that ſeaſon the greateſt 
number of meteors happens. And becauſe this 
reaſon chiefly prevails in cold regions, it is from 
hence that more meteors are obſerved in theſe 
than in warmer climates. 

§. 1191. Vapours and exhalations deſcend to 
the earth out of the atmoſphere chiefly for theſe 
cauſes. 

Firſt, as ſoon as the denſity of the air, and there- 
fore it's ſpecifick gravity, is diminiſhed on any 
account whatever, then the exhalations will no 
longer be in guilibrio with it, but prevailing by 
their gravity they will deſcend. T his is proved 
by an analogous experiment. When moiſt air in 
a receiver is rarified by means of the air-pump, a 
little cloud is preſently formed, which falls as 
ſoon as the air is farther rarifled. Therefore we 
often obſerve rain, and other meteors, when the 
mercury in the barometer being very low, indi- 
cates the weight of the air and it's ſmall denſity. 

Secondly, when ſuch things had aſcended as 
were much rarified by fire, afterwards loſing their 
fire they are again condenſed, and become ſpeci- 
fically heavier than air. 

Thirdly, thoſe things deſcend which have loſt 
their motion they had received from fire, or from 


any other cauſe, by which they were driven up- 
wards, | 


Fourthly, 
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* Fourthly, when many particles are driven by 
: winds againſt reſiſting obſtacles, or by winds 
blowing with an oppoſite direction, or mecting 
one another by any other cauſe ; by this con- 
courſe they will be made ſpecifically heavier than 
air, and will therefore deſcend. | | 
* Fifthly, when ſome exhalations meeting one 
another are of ſuch a nature, as to excite an ef- 
* ferveſcency, and then are precipitated, the ſame 
things happen as in chemical precipitations. 
Sixthly, when being exhaled by the winds, 
they are together driven downwards with the air 
in which they inhere. 
* Seventhly, if the winds blowing with an hori- 
* zontal direction, below that part of the atmo- 
* ſphere in which exhalations are ſuſpended, drive 
the air out of it's place; then the upper part of 
the atmoſphere, together with all it contains, 
: deſcends into the place that was forſaken by the 
former air. 
Eighthly, alſo the rays of the riſing ſun, meet- 
ing the exhalations, determine them towards the 
earth. And as they rarify the air at the ſame 
time, or make it ſpecifically lighter, ſo much the 
more the exhalations deſcend. 
- Laſtly, when more exhalations and vapours 
: aſcend than the atmotſphere can contain, thoſe 
that are ſuperfluous return back, having loſt their 
motion by which they aſcended. 
* $. 1192. Meteors may be conveniently divided 
into three kinds. Firſt, aqueous 'meteors, as 
» miſts, clouds, dew, rain, froſt, ſnow, hall, whirl- 
wind, rain-bow, halo, parbelii, paraſelenæ, &c. Se- 
cCondly, fiery and ſhining meteors, as auroræ bo- 
> reales, with their various ſpecies, falling: ſtars, ig- 


* 


— 


e eee 
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nes fatui not burning, others inflamed, lambent 


| > fires, bolis, blight, lightning, ibunder- holt, thunder, 
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&c. Laſtly, airy meteors, as winds. In this or. | p- 
der I ſhall briefly diſcourſe of theſe meteors. | | in 
in 

C.H A P. W. B 

in 

Of watry Meteors. Im 

4 tt 

§. 1193. HENEVER vapours or ex. | tl 
halations are in the atmoſphere | t! 

near the earth, in ſuch plenty or in ſuch manner Þ t! 
conſtituted, that they intercept much of the] tt 
light, and make the air darker than uſual, we | w 
then ſay there is a mn or a fog, | el 


$. 1194. Miſts are formed by vapours and ex- Þ Be 
| halations, which aſcend ſlowly from the earth, or | m 
fall towards it very ſlowly from on high, ſo that Þ tl 
they ſeem to be ſuſpended in that place, and Þ © H 
hardly to advance. When they are compoſed of ſe 
vapours, the miſts are moiſt and wet, and then | m 
they are not hurtful to the health of animals, or | th 
offenſive to the ſmell. But they that conſiſt of | g 


exhalations often ſtink ; ſome are hurtful to | 1 
| health, and the cauſes of many diſeaſes, and ma- tl 
| ny are poiſonous and deadly. It is plain that miſts | in 
| are compoſed of other matter than aqueous va- þ ti 


pours, becauſe ſometimes after them there is ſeen m 
{ſwimming upon the ſurface of the water a kind 

of little ſkin or film, which is greaſy and reddiſh, Þ ce 
like to that which chemiſts obſerve, when they ! ra 
prepare the golden ſulphur of antimony. 8280 

§. 1195. Miſts are formed in a quiet ſky, when 

no wind is ſtirring, and never when the wind is 
any thing violent; for by that they are diſcuſſed 
and diſperſed. They are generally obſerved in 

an evening, eſpecially if the ſun in the day-time Þ * w 
has much heated the earth, which at his ſetting Þ pe 
quickly cools again. Becauſe then the heated m 
parts ET 
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f parts of earthly bodies are compelled to aſcend 
in great plenty. In Holland this chiefly happens 
in ſpring and autumn, but ſeldom in ſummer. 
\ © Becauſe there is leſs difference between the even- 
ing heat, and that of the day, in the air of ſum- 


ber, January, February 


N * 


* mer, than in that of ſpring or autumn. Alſo 


there are miſts in the morning at ſun- riſing, when 


the air is ſooner rarified by the ſame heat, than 
the exhalations which are ſuſpended in it, which 
therefore deſcend as being ſpecifically heavier 
than the air. And they are partly driven down- 
* wards by the beams of the ſun. They are often- 
eſt ſeen in the winter months, November, Decem- 
: ſeldom in the ſummer 
months, becauſe of the coolneſs of the atmoſphere, 
that ſuddenly condenſes vapours and exhalations, 
Hence if you do but breathe in the winter you 
* ſee a miſt, of which there is no ſign in the ſum- 
mer. Therefore in places near the north-pole 
there are miſts for ſeveral days together. The 


generally happen before or after the weſt or ſouth 


wind, or the eaſt, rarely with other winds; for 
they bring us many vapours from the neighbour- 
ing ocean. Miſts happen in a hard and con- 
- tinual froſt, and when the weather is clear and 
mild. 

S. 1196. If miſts continue for ſeveral days ſuc- 
: ceſſively, they are often immediately followed by 


rain or ſnow, the vapours then condenſing into 
groſſer bodies. 


the mercury in the tube has either a low or a high 
ſituation. They happen when the glaſs is high, 
after the heaven has continued calm for a good 
while, and in the mean time great plenty of va- 


TE pours and exhalations have been accumulated, 
making the air dark by their quantity, and diſ- 


orderly 


$. 1197. Miſts are obſerved to happen when... 
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orderly poſition of their parts: Or becauſe the 
exhalations by their gravity begin to ſubſide Þ 2 
through the luggiſh air. There are miſts when 
the mercury is low, when not long before the 
heaven was calm, nor continues fo afterwards, Þ - 
but lets down it's contents, which becauſe of it's“ 
rarity it can now no longer contain. And this | | 
is proved by an experiment mentioned F. 1191, | 
No. I. 

$. 1198, When a thick miſt falls down upon | 
the earth, it moiſtens it like rain. For it conſiſts | 
of the ſame vapours as this does, but only thin- | 
ner, and which alſo differ in magnitude. Some- | 2; 


times they are too ſubtile to be ſeen, and ſome. Þ 
times they are larger like ſmall drops: So that | 9 
it is no wonder that a whitiſh rain-bow may be | 1 
ſeen in them, ſuch as has been obſerved by De- | © * 
chales . A miſt falls indifferently upon all bo- | e 
dies, whether rough or poliſned; ſometimes if tt 
it be very moiſt, it penetrates into houſes, clings | * 
to the walls and all kind of furniture, and runs fe 
down 1n drops. ENS = 
$. 1199. Miſts intercept the day-light ſome- 14 
time more and ſometimes leſs. Sometimes it | 
cauſes ſo much darkneſs, that perſons very near |? |. 
can hardly ſee one another. This darkneſs of | 9 
the air depends on the diſorderly ſituation of the th 
parts, which cauſes paſſages of an irregular fi-- ne 
gure and magnitude; as alſo on the very different! fu 
denſity of the air and the exhalations. By this it Þ g 
happens, that while the light endeavours to paſs Þ in 
it is unequally attracted, and being turned out of þ p 
it's ſtrait courſe is hindred from paſſing. Hence | hb 


it often happens, that when the air is clogged Þ 7 
with but few vapours, it appears dark and miſty ; 


* Trac. de Meteoris, $. 4. , 
ET, | ut 
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more uniformly. 


. 


their rarity and ſmall quantity they are eaſily ex- 
pelled out of the atmoſphere, or by means of the 
ſun-beams they are ſo attenuated, driven away, 
and diſperſed, that being entirely reſolved into 
very little particles, they are diſtributed quite 
through it. 

F. 1202. Do not many and ſudden miſts ariſe 
from mountains, from winds ſtriking againſt 
them, and condenſing the vapours, which though 
rare and ſcattered they carried along with them ? 
9. 1203. To a ſpectator that ſtands in a val- 
ley, why do miſts ſeems to ariſe out of the ſides 
of mountains illuminated by the ſun, which are 
thick like ſmoke riſing out of a chimney ? For 


4 
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but is tranſparent again as ſoon as the air receives 


more vapours, which are diſtributed through it 


F. 1200, Sometimes the miſts are very thin, 
and diſperſed equably through the great region of 
the atmoſphere, ſomething intercepting the rays 


of light. Then when we look upon the ſun, 


he does not offend our eyes, but appears pale, 
without radiating beams; and yet the atmoſphere 
looks of it's uſual ſky-colour, as if the heaven 


were almoſt ſerene. 
| $. 1201. Does not ſerene weather follow morn- 


ing miſts in the ſummer-time ? It is becauſe of 


no other reaſon but becauſe the ſpectator views the 


gainſt the mountain, through which the aſcend- 


ing vapours may eaſily be ſeen. As we ſee ſmall 
particles of duſt, floating in the air and the 


beams of the ſun, when we look upon them ſide- 


§. 1204. A cloud is nothing but a miſt, but 


b ſuſpended higher in the air above the earth ; 
therefore an aſcending miſt ſcems to be turned 


into 


| 


ſun-beams laterally and obliquely, that ſtrike a- 


297 


— 
= n 


238 


The ELEMENTS of 


into a cloud. This plainly appears if we look | 
upon the ſmoke that ariſes from the burning of 


any bodies, which immediately forms a cloud. 
Secondly, all the travellers that have had the 


curioſity to go up into the clouds hanging on the 


tops of mountains, have obſerved them to be 
miſts only; as we have been told by ſuch eye- 


witneſſes as Cabæus, Froelichius, Sturmius, Mar. 
riot, Dechales, Lamy, Frezier, &c. nor has it 
ever been found that they conſiſt of ſnow, ice, 


or any firm body. 


Thirdly, their ſhape is liable to continual 


changes, which could not be except they con- 


ſiſted of thin and fluid exhalations, and not of 


folid and concrete bodies. 


Fourthly, if clouds ſhould coaleſce into firm 
maſſes, they muſt acquire a much greater ſpeci- 
fick gravity than the air has, and therefore would 
immediately fall by their own weight, unleſs they | 
were ſupported and hurried away by very rapid 
When at reſt they muſt fall by their own | 
gravity, which we find not to happen by the 
clouds, though they ſeem very ſolid, as daily ex- 


winds. 


perience teſtifies. 


$. 1205. Yet clouds appear to be more opaque | 
than miſts, and the whiter of them ſeem to be | 


no-other than | eq ſnow, or ſome white and ſo- 
lid bodies. But this appearance proceeds, not 
from any different conſtitution of the 


parts be- 
tween a cloud and a miſt, but becauſe the ſpecta- 


tor, when ſurrounded with a miſt, receives the! 


light after it has entered the miſt : whereas when 


he looks upon a cloud, he takes in at his eyes the Þ 


light that is refſected by it's external parts, which 
is very ſtrong and copious; much more ſtrong 
and copious than that before tranſmitted. 


8 1206. 
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z $. 1206. Clouds are ſuſpended in the atmo- 


| ſphere at different heights. Sometimes there is 
one over another, according as their various ſpe- 
cifick gravity is in æquilibrio with the circumam- 
bient air. Such clouds are caſily known from 
the different directions with which they move. 
The higheſt of all hardly ſeem to ariſe to an 
height equal to that of the higheſt mountains. 


For to thoſe that have viewed them at a diſtance, 


* many mountains ſeem to raiſe themſelves above 
the clouds. Secondly, many that have aſcended 
* to the tops of mountains have obſerved, that the 
{clouds moved below them, and not above them. 
* Thirdly, Ricciolus found by a geometrical men- 
* ſuration, that the higheſt clouds never aroſe to 
ooo paces z and Kepler only to a fourth part of 
a German mile. Yet perhaps ſome very thin ex- 
* halations may ariſe to a greater altitude, as from 


* ſome of the northern lights has been conjectured 


by ſome. And if a vapour of water can be ſo 


far rarified, as to take up 14000 times a greater 
* ſpace than before, it will be 60 times rarer than 
the air that is near the earth. But air at the di- 
ſtance of 14 Britiſh miles from the earth, accord- 
ing to the law of elaſticity, would be 60 times 
rater than at the ſuperficies; ſo that if vapours 
or exhalations like theſe in rarity, ſhould not be 


} condenſed in their aſcent through the air, by the 


laws of equilibrium they might be raiſed to 14 


FS. 1207. The figure and magnitude of the 
clouds is changing every moment; for the air 


with which they are ſurrounded is never quite at 


> Britiſh miles. 


* 


reſt; therefore parts are continually ſeparating 


from them, and others approaching towards them. 


For if any ſenſible wind blows, which reaches the 


cloud below or above, great parts will be perpe- 
tually torn from it. | $. 1208, 
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F. 1208. The extremities of clouds are ven 

irregular and uneven as it were; from whence iÞ - 
follows, that a cloud is not a body conſiſting oi 
conjoined and united parts. For an united fluid 

that ſwims in another fluid muſt aſſume a ſphericaf 

figure, which would continue if that fluid wen! f 
converted into a ſolid. N 

$. 1209. The bigneſs of the clouds is very dif. 


ferent; for ſome are ſmall, but there are other, | - . 
as Mariot * has obſerved, which are above a mil: R 
long. Some are very groſs, as may be concludeſ F 
from the quantity of rain that falls from the ſame} * 
cloud. This I have obſerved to be ſometime| * 5 
equal to the height of one inch. From whence 2 
we may conclude, that the thickneſs of the famep 11 
cloud was above 100 feet. 5 
F. 1210. Philoſophers have diſputed, whethap 7 , 
the upper and lower ſurfaces of clouds are plan, p. 
or uneven. Certain it is that both may obtan} 2 


But the parts that are moſt extant are firſt ton 
away from the reſt by the violence of the winds, | 7 
F. 1211. The clouds are often hurried away by} 47 
the winds with a very ſwift velocity; ſo that ui x 
the ſpace of one hour they may travel 6 or it 
Gallick miles. Sometimes they are ſo crumble} F 
into pieces by the wind, as immediately to vaniſh} 
Hence ſometimes when tempeſts rage the heaven 
is clear. Sometimes the clouds are fo diſperſed} 
as to vaniſh out of ſight, when the beams of the pe 
ſun attenuate the groſſer vapours, of which tz} x. 
clouds were compoſed ; by which they not only} th 
aſcend, but are diſtributed through other air, lp * 
as to become tranſparent with it. Sometimes 1 are 
cloud thus conſtringed by the ſun has been ſcen an 
to ſend forth as it were a riſing ſmoke, and uf 
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was transferred to the higher clouds, Clouds are 
alſo diſperſed when the weight of the air is in- 
creaſed. For then they aſcend, that they may be 
in æquilibrio with the higher and thinner air; and 
thus being brought into purer air, they are diſ- 
ſolved and melt away inſenſibly. | 

F. 1212. Sometimes we fee clouds that are 


| tinged with various colours, yet generally they 
, appear white, becauſe their external parts reflect 


the pure light of the ſun, not ſeparated into it's 


colours. Other clouds are brown and black, as in 


particular when it thunders, which then abſorb 


the light within themſelves, and hardly reflect it 
at all. In the morning and the evening, at the 
* riſing and ſetting of the ſun, the clouds appear 
ted, which when the ſun is nearer the horizon 
appear violet, and afterwards blue. Theſe colours 
2 ariſe from the light that ſtrikes upon the tranſpa- 
rent globules of vapour, enters them, and then 
being reflected, and then refracted, parts into 
colours; of which now the red, then the violet, 
and then the blue, ſtrike the eye, according to 
the various altitude of the ſun, Gnething like as 
it is in the rain-bow, Hence it may be underſtood 
3 why the clouds may ſometimes appear green, ſuch 
as were ſeen by Fregier's, and are deſcribed in his 
voyage to the Weſt-Tndies. 


$. 1213. When the mercury ſubſides in the 


# baroſcope, why is the heaven cloudy? Is it not 
2 becauſe when the mercury ſubſides, it indicates 
the atmoſphere is become lighter, and unfit for 
© lupporting exhalations ? Theſe therefore deſcend, 
are gathered together, and make the heaven dark 
and cloudy. 


F. 1214. The clouds are of great uſe. Firſt, 
for conveying the matter of rain to all the regions 


j of the earth. Secondly, for covering the earth, 
* Vor II ; R that 
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that it may not always be parched by the heat of 
the fun ; and thus the vegetables may have time 
and opportunity for digeſting their nouriſhment, 
Thirdly, the clouds ſeem to be the principal 


cauſes of winds, Fourthly, that the light of the F 
ſun may be reflected to the earth in very different 
directions, by which means many bodies may be | 


2 which are not directly illuminated by the 
n. 

§. 1215. Steams and vapours of the earth, 
that by reaſon of their rarity cannot be ſeen, aſ- 


cending on high like a miſt, or again lighting 


100 the ground from the air, are called derv. 
1216. 

night and morning, on the ſeveral parts of plants 
that are expoſed to the air, which have been called 


dew. And it has been thought that this vapour | | 


fell by night from heaven, and was collected by 


the leaves of plants, and that this only was dew. | © 
But many and accurate obſervations have proved, | 
that theſe drops are only the ſweat of Je, 4 

ces of 


which continually expires through the ori 
their veſſels. For every plant emits this dew after 


it's own manner, according to the different 
ſtructure of the veſſels, and the ſituation of their | * 
orifices *, Secondly, plants that were ſhut up inn 
veſſels and covered, have collected a greater quan- | 


tity of dew in a night's time, than thoſe that 


ſtood in the open air. lags the drops are 1 
e 


gathered only in thoſe places, where the orifices 
of the veſſels are manifeſtly open, and not all 


over the leaf; nor in the lower places, as mult | | 
be if it aroſe from ambient and diſtilling ſteam orf 


Indeed this ſweat of plants perpetually 
ex 


from the ſame veſſels, but is carried away | 
and diſperſed cither by the wind, or by the heat 


I 


* Gerlten, Tentam. de Rore. 
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of the day. At night after a hot day, and in 
the ait without wind, it is emitted copiouſly from 


the veſſels, is collected, nor vaniſhes into air, be- 


fore the riſing-ſun heats the liquor, and makes it 
volatile, 

$. 1217. The ſun by his beams penetrates into 
the earth for ſome certain ſpace, and there warms 
every thing, rarifies and agitates it, and makes 
the particles mount aloft. Whatever riſes in the 
day- time eſcapes our ſight, and is ſoon diſtributed 
through the air. But when the air grows cool 
after ſun-ſet, and all night long, the warm ſteams 
in greater plenty proceed to aſcend out of the 
earth with a ſlow motion; ſo that ſometimes they 
are raiſed no higher than 31 feet in the ſpace of an 
hour and half, and adhere firſt to bodies that 
are near the ground, and then to thoſe that are 
higher. 

$. 1218. This aſcending dew is different ac- 
cording to the different conſtitution of the place 
and fot]; here it will be more watry, there it 
will more abound with ſpirits, oils, ſalts, metals, 
and with other bodies of very different , forts. 
Therefore being endued with different properties, 
will excite various phenomena, and occaſion 


diſtempers to animals. Hence there are ſome 


countries, in which dew never touches or falls up- 


on poliſhed metals, or certain other bodies, being 


repelled by ſome, and by others attracted, with 


great but with different forces, and being col- 


lected it adheres to them in great plenty. There 
are other regions of the earth, in which dew is 
attracted by all bodies without exception, and 
ſeems to flip upon all when expoſed to the open 
. 1219, There are places in which dew is ob- 
ſerved only to aſcend aloſt, and not to ſettle, 
; e | There 
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There are places in which it both aſcends and 
ſettles. Burt it is carried upwards in greater plenty 
than downwards. Being drove on by the winds, 
by which it is either condenſed, or fo diſperſed 
that it diſappears. | 

§. 1220. i is not eaſy to aſſign the quantity of 
dew that ariſes every night, or in the whole year, 
becauſe of the winds, the rains, and other incon- 
veniences. This will alſo differ in different coun- 
tries, according to the conſtitution of the ſoil, the 
ſituation, and the heat communicated. to it by the 
ſun. 
$. 1221. Becauſe the dew conſiſt of very diffe- 
rent exhalations, gathered in various places, and 
at a different ſeaſon of the year in the ſame places, 
it will have different contents, as waters, ſtrong- 
ſmelling ſpirits, ſalts, oils, earths; as the che- 
miſts have found by experience. 

$. 1222. In the ſummer, when the ſun violent- 
ly heats the trees and herbs, oils are alſo raiſed 
1 — them, which falling upon the earth make 
what is called an ozly or hoxey-dew. This falling 
upon water floats on it's ſurface, and makes it 
fat. I have ſeen this to have fallen on very hot 
days commonly before noon, but in places in 
which trees were planted. 
FS. 1223. Kain is a multitude of ſmall watry 
drops, falling from the upper air at different ſea- 
ſons. | | 
F. 1224. Rain almoſt always falls out of clouds; 
yet I have ſeen rain, but in ſmall quantity and 
ſmall drops, that fell out of the air, that was ob- 
ſcured by no cloud, in ſummer time, when the 
heaven had been calm for ſome time, and the 
heat was violent and even ſuffocating. More 
vapours therefore were raiſed by this, than could 
be ſupported by the air; which ne 
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the heat abated were condenſed, and then fell 
down again. 1 

$. 1225. Rain is formed when the particles of 
vapour which compoſe the cloud approach nearer 
to one another, ſo that they can attract one ano- 
ther, be conſtipated, gathered together, coaleſce, 
and form a drop ; which being ſpecifically heavier 


than the ambient air, falls down and meets with 
other drops or aqueous particles, is united with 


them, and fo increaſes to that magnitude which 
it has when it falls upon the earth, 

§. 1226. If the whole cloud in all it's parts is 
changed equably, but ſlowly ; ſo that the vapours 
go together gradually ; they will fall away in very 
little drops, the ſpecifick gravity of which will 
hardly differ from that of the air. The little 
drops will then deſcend through it gently, and 
will form a very thin and dewy rain, or what is 
called pſecas. This happens ſometimes, but not 
frequently. The ſame will happen alſo, when the 
cloud ſhall begin to change at it's lower part, 


and the change ſhall proceed gently upwards. 


For then the vapours uniting into ſmall drops 
will deſcend gently, and come to the earth of the 
ſame magnitude as when they left the cloud. 

$. 1227, But if the upper part of the cloud be 
firit changed, and the change proceed gradually 
through the middle till it comes to the lower part, 
the ſmall drops will firſt be formed in the upper 
part of the cloud, which falling upon the lower 
will unite with them, and fo continually increaſe 
the farther they fall. This is very frequent, and 
has been obſcrved by ſome, who being in a vale 
have found a great ſhower, but going up a hill 
in the ſame cloud, have there found leſſer drops 
of rain, and ſo much the leſs the higher they 
aſcended. | 

| R 3 §. 1228. 
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$. 1228. In $. 1191 we aſſigned the reaſons 
why all meteors, and therefore the particles of 
clouds alſo, fall down from on high. Yet the 
chief cauſe of rain ſeems to be the winds. For 
firſt, they blow downwards upon the cloud, con- 
denſe it, and force the vapours into union ; or, 
ſecondly, they drive vaporous clouds, ariſing out 
of the ocean, to terreſtrial regions, and make them 
daſh againſt high ground, hills, and woods, and 
ſo force them into rain. Therefore mountainous 
countries are better watered with rain than 
ſuch as are flat, For in Lancaſbire in England, 
which abounds in high mountains, according to 
Townley's Obſervations, there fall yearly about 41 
inches of rain; whereas at Upminſter there are col- 
lefted only 19% inches, by Mr. Derham's Obſer- 
vations. Thirdly, as mountains oppoſe the clouds, 
ſo the winds blowing with a. contrary direction 
againſt others, will compreſs the clouds. Whence 
in the Eth:opick ocean, over-againſt Guinea, ſome- 
times ſhowers fall by pail-fulls. Likewiſe in theſe 
regions, after any wind has raged, as ſoon as by 
oppoſition it is reduced to reſt, the intermediate 
clouds compreſſed by both are diſſolved into rain. 
Fourthly, becauſe the greateſt quantity of va- 
porous clouds are formed from the ocean, the 
winds that drive them from the ocean to our 
regions are particularly rainy; whereas other winds 
that blow upon the continent, and bring clouds 
from thence, are ſeldom obſerved to be rainy. 
From notes taken for the ſpace of ſome years, 
compared with one another, at Utrecht for the 
ſame time the rainy winds have been 203 weſt 
winds, 135 ſouth-weſt, 61 ſouth winds, 27 ſouth- 
eaſt winds, 32 eaſt winds, 29 north winds, 54 north- 
eaſt winds, 61 north-weſt winds. The weſtern 
breezes blow from the German ocean, and are 
e | there» 
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therefore ſo rainy; partly from the ſame ocean, 
and partly from the large mouths of the Schelle, 
the Maes, and the Rhine, the north-weſt winds 


blow, and are therefore ſo moiſt. The ny 


winds are cold, and do not bring with them ſuc 
a quantity of clouds. Hence they are leſs moiſt, 


though otherwiſe they would be the moiſteſt af 


all, ſince they blow from the German ocean, and 
the Zuyderzee, but generally without clouds. 

I have alſo obſerved, that at recht every year 
the rainy days are in proportion to the dry ones, 
as 5 to 12. But all theſe things are peculiar to 
every country, and can only be known from par- 
ticular obſervations. 

C. 1229. Becauſe rain falls from on high through 
the air, which is always infected with all forts of 
exhalations, it unites them with it like a lixivium, 
and brings them to the earth; therefore rain will 
not be pure water, but blended and defiled with 
ſales, ſpirits, oils, earths, metals, &c. Of theſe 
ingredients there will be a great difference, ac- 
cording to the difference of the exhaling ſoil, and 
the different ſeaſon of the year. Hence rain- 
water in ſpring above all others is ſubject to fer- 
mentation. It is more impure after a long 
drought and heat, than when one rain comes ſoon 
after another. Boerhaave, a moſt experienced 
Philoſopher, found that to be moſt impure, which 
falls in cities, or in low ſtinking places, in hot 
and windy weather “. 

FS. 1230. The ſeeds of very ſmall plants, and 
the eggs of innumerable inſects, float in the air, 
which fall down together with the rain. Hence 
it is that the green river weed vegetates in it, 


Chemie, Vol. I. p. 597. 
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and innumerable animalcula and worms are hatch- 
ed, which die and ſtink, and the rain- water is 
corrupted. That which falls in the ſea. is not ſo 
impure, becauſe the air incumbent on the ocean 
is not ſo much impregnated with exhalations. 
$. 1231. By reaſon of the various corpuſcles 
which are mixed with the water, if rain be. pre- 
ſerved in a veſſel which is never ſo carefully cloſed 
up, in a ſhort time jt will be full of ſmall white 
ſpots or clouds, which by degrees become greater 
and more and more opaque. Theſe afterwards 
degenerate into a thin, 1115 glutinous mucus, and 
change the water into a ropy matter. Since there- 
fore rain brings with it to the earth ſuch a varie 
of bodies, it can be no wonder that ſuch a diver- 
ſity of plants are nouriſhed by rain-water, the 
Joes of which are ſo different from one ano- 
ther. 
§. 1232, From theſe we may partly account 
for thoſe ſhowers that are related as prodigies; 
for with thoſe the ſeveral exhalations have at the 
ſame time been let down from the atmoſphere. 
Maſes has taken notice *, that it rained brimſtone; 
which is mentioned alſo by Spangenbergius *, to 
have happened in the dutchy of Mansfield, An. 
1658 and likewiſe at Copenhagen, An. 1646, by 
Olaus Wormius ©. Allo at Brunſwick, An. 1721, 
by Szegeſbekias ©; where it rained a burning ſub- 
ſtance, which could not be extinguiſhed either by 
water or motion. Scheuchzeraus relates *, that An. 
1677 there was a yellow rain, in the form of 


Gen. xix. Deut. xxix. 

d Chron. Mansfield. T. I. p. 395. 
© Muſeum, Cap. XI. 

Nova literar. An. 1684. 

* Mcteorolog, Helvet. p. 14. 
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wder ſwimming upon the lake near Zurich and 
the neighbouring wells. It was thought this 
ho der was brought by the wind from the bloſ- 
E of the pines, which mingled with the rain. 

Frequent mention is made, both by the ancients 
and moderns, of drops of blood falling in ſnowers, 
ſo that we may not doubt of the truth of it. 
When Peireſcius examined ſuch a ſhower that fell 
in France, he found the drops were full of red 


Alſo the excrements of ſome inſects 


Theſe mixing with a ſhower of rain, may make 
it ſeem to rain blood. 

A ſalt ſhower has been obſerved, at the time 
of the raging of a tempeſt in Suſſex in England“. 
The wind raiſed the ſea-water, as it daſhed againſt 


the rocks, and carried the ſmall drops aloft, 


which then fell on the neighbouring land. A 


; fat and butteriſh ſhower fell in Ireland, An. 1695. 


lt was clammy, ſoft, deep yellow, melting in the 
hand, and would dry up and grow black at the 


fire. But it muſt be a mere fable, when it has 


been ſaid to rain iron, wool, ſtones, fleſh, or 


$. 1233. Therefore becauſe rain waſhes the air 


of it's impurities, we may always obſerve, that 


after a ſhower of rain the air is moſt pure and 
2 tranſparent, ſo that very remote objects may be 


2 ſeen moſt clearly, and the colours of plants are 


different magnitude. 
ſometimes ſmall, and their diameter ſeldom ex- 


moſt bright and chearful, and the whole vegeta- 
ble world is as it were renewed. 


F. 1234. The drops of rain are ſpherical, of 
Sometimes they are full, 


2 Gaflend. in Vit. Peireſ. L. II. p. 156. 
» Philoſ. Tranſ. N. 289. 
6 Philoſ. Tranſ. N. 220. 
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ceeds a fourth part of a Rhinland inch: Unleſs 
when ſhowers have poured down, the drops of 
which are ſaid to have been an inch in diameter *, 
Theſe depend on the attracting force of the parts 
in water, as alſo on the reſiſtance of the air 
through which 1t moves. | 

$. 1235. Why is rain ſometimes denſe and 
ſometimes rare? Does not this depend, cæteris 


paribus, on the different thickneſs or altitude of | j 
the cloud, ſo that the moſt denſe rain proceeds 


from the thickeſt cloud; as alſo on the various 


denſity of the cloud? Why are the drops greater 


and rarer in ſummer, but in winter leſs and den- 


ſer ? Does not this depend on the different den. 
fity and reſiſtance of the air through which they 


fall, which are leſs in ſummer than in winter ? 


$. 1236. Though rain falls from high clouds, 
yet it does not come to the earth with ſo great! 
velocity, as would follow from the law of gravi- Þ © 
tation, becauſe of the reſiſtance of the air. This? 
is ſo ordered, that the tender parts of plants | 
might not be hurt by the drops, which otherwiſe | * 
would be deſtroyed. | 


§. 1237. Why does it only rain by vapours, 
and very ſeldom, if at all, by exhalations. Is it 


not becauſe vapours are much more frequent and | * 
copious than exhalations, and very eaſily are 


formed into drops, and by falling are mingled 


with exhalations ? Theſe likewiſe are generally | 


conſumed by being ſet on fire. 15 
$: 1238. In theſe regions the rain falls very ir- 


regularly, and by no means at any ſtated times. 1 
By comparing a great number of years together,, 


for one year at a medium the altitude was at 


Utrecht 24 Rhinland inches. This quantity there- | 
fore differs in different countries. At Harlem 


* A. Lipſ. Sulp. T. I. p. 425. 
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" and-at Liſ in Flanders the ſame quantity has 
been obſerved to fall. At Delf and Harder- 
wick 27 inches. At Dort 40 inches. At Middle- 


burg in Zealand 33 inches. At Paris 20 Paris 


inches. At Lyons 37. At Rome 20 inches. At 
Padua 372. At Piſa in Italy 34%. At Zurich 
in Switzerland 32 inches. At Uln in Germany 
263 inches. At Wittenberg 16%. At Berlin 19%, 
In Lancaſhire in — p6y 41 inches. At Upmin- 
ter 19% Engliſb inches. From whence it is to be 
collected, that it is a dry year when a leſs quan- 
> tity of rain falls in theſe places, and on the con- 
trary, a wet year when a greater quantity falls. 
This difference ariſes from the neighbourhood of 
ſeas, lakes, rivers, mountains, foreſts, from the 
> winds, and from other concurring cauſes. 


F. 1239. The uſe of rain is, firſt to moiſten 


and ſoften the earth, which the ſun dries up; to 

make it fruitful that it may produce and nouriſh 
the plants. Secondly, to waſh and cleanſe the 
> air from all filthy exhalations, and the hurtful or 
= uſeleſs reſpirations of animals. Thirdly, to mo- 
> derate the heat of the air that is near the earth; 
= for the rain falls from the higher and cooler air. 
* Fourthly, rain is the origin of fountains, ſprings, 
and brooks, and therefore of rivers, though not 


the only cauſe; for to this the vapours concur, 
which cooling by night, and carried to the ele- 


> vated ſurfaces of mountains, are there united, 
and converted into water; which diſtilling down- 
wards, ſupplies an incredible quantity of water 
for ſprings and rivers. 


$.-1240. It ſometimes happens, that two winds 


with parallel and oppoſite directions, and being 
burt little diſtant, ſqueeze an intermediate cloud, 
and ſuddenly condenſe it into water. But be- 
: Cauſe of the oppoſite motion on each ſide, they 


wharl 
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whirl it about, make it turn round without end, „ 
ſo that the cloud being carried about is ſucked ,, 
into itſelf, and a vortex or whirlpool is made. 


Juſt as if they had ſtruck the circumference of 5 
ſome intermediate wheel with an oppoſite direc. Þ* & 
tion on each fide, by which means it would ac- 1 a; 
quire a rotation about it's center. The revolving Þ 7 
art of the cloud, thus being made a vortex, by Þ 7 
it's gravity ſinks downwards, and forms a cylin- Þ ot 
drical or a conical column, which by it's larger Pp: 
baſe ſtill adheres to the remaining thick and black Þ 7 
cloud, it's vertex looking downwards. It is of Þ © 
different thickneſſes, ſometimes of 50 fathoms 1 2 
or more, and ſometimes hardly of 4 or 5. It is he 
called columna, or preſter, or watry whirlpool, in Þ co 
Tab. 25. Greek Tensg, in Dutch een Hoos, in French Trombe | 
Fig. 4, 5, de Mer, in Engliſh, a water-ſpout, or whirlpool. * ar 
6-5: $. 1241. Such a whirlpool has been oblerved FR Be 
empty of water within, the parts receding from tit 
the center becauſe of the centrifugal force. In lit 
the internal hollow ſuperficies it reſembles Arco; FR 0 
medes's ſcrew aa, becauſe. of the water falling! im 
from on high and whicled about. The particles | on 
of water flying off from the external ſuperficies th, 
form rain. It is hurried away very ſwiftly by a the 
powerful wind, and is carried over ſea and land. | foi 
If it is over the ſea, and ſinks down almoſt to | ga 
it's ſurface, a ſmall column B will be raiſed by | me 
it, riſing by the preſſure of the atmoſphere to | ha 
the middle of the turbo, in which the air is rari- | pa 


fied by the centrifugal force of the water; whence | 7 + 
light bodies are manifeſtly obſerved to aſcend |? 
through the middle of the turbo. Now ſince | 7? 
about the column ariſing out of the ſea a vaſt |? 
quantity of water of the ſpout falls on all fides | 7? 


* Lucret. L. VI. V. 423. =_ 
with 1 
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with violence, the- particles daſhed out of the 
ocean by ſpreading on all ſides exhibit the ap- 
pearance of a thin rain C, ſo that the fea ſeems 


to foam and rage there. Where-ever the turbo 
7 ſettles, it ſtrips the ground, deſtroys and beats 
down all things it meets, as buildings, trees, 
2 ſhips, with greater violence than the molt rapid 
> winds. It ſends forth a terrible noiſe, like that 
of a multitude of carriages ſwiftly rolling over 


pavements: of ſtone. Nor does it ceaſe till the 


cloud is quite fallen down. The greater the 
turbo is, the ſooner it is ſpent. Nobody has ſeen 
ga water-ſpout that laſted for a day, no nor an 
hour; ſo wonderful is it's velocity, and ſhort it's 
continuance. THY 


$. 1242. Hence it may be perceived what we 


are to think of an exhydria, or what is called a 
© breaking of a cloud, and how an immenſe quan- 
© tity of water may fall upon the earth in a very 
little time, and overwhelm it with immoderate 
7 ſhowers: Whenever the clouds are condenſed by 
impetuous winds blowing with oppoſite directi- 
ons; ſo that being immediately ſqueezed toge-. 
ther, the particles of water fall downwards by 
their gravity. And becauſe the wind may per- 
form the ſame thing, by preſting the clouds a- 
gainſt an oppoſite mountain; it appears why in 
3 mountzinous places ſuch breakings of clouds 
happen more f 
Pain countries. | 


equently, than in flat and cham- 


. 1243. If the dew that by night exudes out 


of the veſlels of plants, or a vapour riſing out 
of the earth, and adhering to the ground or the 
* ſurfaces of all low things, in winter by means of 
the cold air bringing freezing particles, ſhall be 
Changed into ice covering the faces of the plants 
And earth, it is called a hoar-frof. 


§. 1244. 
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5. 1244. This is alſo obſerved to happen, when 


2 miſt creeping cloſe to the earth ſurrounds bo- 
dies, clings to them, and preſently - a froſt fol- 


lowing turns the aqueous = 
form of very ſmall 
rpuſcles, or the fineſt embroidery 6 ſnow- 


3 boar fret is deſcribed by M. 


Dechales *. oy 


I. 1245, This is is ſometicnes ſeen in bodies . 


which are expoſed to the open air; when in 


winter time, after a froſt going before, the he moif 4 


and warm air approaches to bodies, whoſe va- 
pours are condenſed, and applied to bodies that 


are cold and full of froſt, when they are imme- Þ 
diately turned to ice. This chiefly appears inn 


the glaſs of windows, becauſe glaſs attracts Wa- 


ter very ſtrongly. It appeats alſo on ſtone-walls | | 


and houſes, which ſeem to contract a Wind of 
hoarineſs. 


8. 1246. If a cloud is turned into rain, which | L 
as it falls paſſes through air abounding with!“ 
freezing particles; the drops will harden into | * 


globular frozen bodies, which are called Hail. 


$. 1247. Hail is commonly of the magnitude 
of drops of rain; and as theſe drops are different, 
ſo the bigneſs of hail-ſtones is different alſo. Be- | 
cauſe - thoſe drops of rain are ſmall which are 
by F. 1226. 
upon the? 
tops of mountains, and they will be of the larger | * 
kind which fall in vallies. Hence it was that | * 


formed in the upper part of a cloud, 
fo the hail ſtones will be leaſt which fall 


Scheuchzer obſerved very ſmall hail-ftones upon 


the top of the Apes. And that the ſame thing | 


happens-in other mountains, we have the reſt 
an of Hau and other obſervers.” | 


. Tat: de bie Ir 4 * 


articles into ice. Thu 
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. 1248. Hail-ſtones are ſeldom in the ſhape 
© © of a perfect ſphere, but are generally here and 
chere flat, compreſſed, full of angles, concave ; 
aud they are chiefly fo, if they fall when the 
| © © wind blows hard. For theſe ariſe from the 
. © © winds, that by unequal preſſure reduce the drops 
of rain to various figures, which they retain by 
2 congelation. Sometimes the hail is ſoft, and has 

F F it's ſuperficies as if ſprinkled with meal. But 
\ © © this. is ſmall, and ſoon melts, generally falling 
+ | when the ſky is calm, moiſt, and warmiſh. 
Hail has often in it's middle an opaque white 
t © © nucleus, which is covered by a hard tranſparent 
. © 7 ſhell. This nucleus ſeems to be firft produced, 
and falling into a drop of rain, is ſurrounded by 
itt, and then turns it into ice. This kind of hall 
generally falls with a mixture of rain. 
{© 7 $ 1249. Sometimes it hails great fragments 
of ice, and in no ſmall quantity, the magnitude 
of which equals that of a pigeon's egg, or even 
of a hen, or gooſe. Nay, ſome have fallen fo 
» © © large, as to be half a pound weight, three quar- 
= ters, or a whole pound. The annals preſerved in 

e | © Europe of ſuch wonderful hails, acquaint us, 
| that they have happened in ſummer, in the 
„months of May, June, July, Auguſt, at the rag- 
lag of a tempeſt, which condenſed the clouds 
into a black ſpiſſitude, with great darkneſs, and 
2 a terrible bellowing of thunder, and flaſhings of 
> lightning. Therefore the winds condenſed the 
clouds, and changed them into an aqueous maſs, 
n | 7 which when left to themſelves preſently fall down 
g | in the manner of the breaking of a cloud, 5. 
. 1242. But the thunder ariſing from the nitrous 
and ſulphureous exhalations ſet on fire, fill the 
Ar with ſpirit of nitre, which brings on a terrible 
dold, as ſoon as it meets the conglaciating * 
B. cles 
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cles then floating in the atmoſphere, F. 748. 


Through this air thus qualified, the force of the 
cold binds up with hard froſt, the ſhower falling 
from the cloud, and therefore all that water is 
immediately fixed into ice, of a greater or leſſ 
bulk, according to the quantity that unites into a 
maſs. Such kind of hail makes great havock, 
by beating down the corn, and other vegetables, 
by ſhaking down the fruit, and even breaking 
the boughs of trees, the roofs of houſes, win- 
dows ; killing beaſts in the field, and birds in the 
air, and men themſelves that are expoſed to their 
ſhock. 

$. 1250. Hail ſometimes puts on very different 
figures, and ſometimes the ſame figure in all it's 
grains or ſtones, which is either conical, or pyra- 
midal, half round, full of angles, or ſque flat, 
Does not this depend on the conglaciating exha- 
lations, which are of a different nature becauſe 
of other bodies mingled with them, and which 
turn the water into ice under the form of diffe- 
rent cryſtals, which at a certain time are of the 
ſame figure? 

$. 1251. Why does hail fall ſeldom or never 
in vales ſo ſituate, as to have mountains to the 
eaſt ? Is it not becauſe of the great quantity of 
fun-beams reflected from the mountains, which 
diſſolve the hail as it falls? 

$. 1252, It does not often hail at Utrecht ; the 
obſervations - of ſome years compared together 
plainly ſhew, that in each year it has hailed only 


eight times. I never obſerved hail when he 


eaſt wind blew, and but once with a ſouth wind. 

In the ſpace of five years J obſerved how often 

1t hailed when ſeveral winds blew. - 

FS. 1253.-As long as it + hails, and "Wy the 

hail comes to the ground, ſometimes a noiſe and 
| crackling 
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crackling is heard in the air“; becauſe ſome 
of the hail-ſtones are driven by the wind a- 
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ainſt others, which being very hard give a 
Funds, like the - claſhing of two hard bo- 
dies. Likewiſe they ſtrike ſuch other hard bo- 
dies as they meet with, and thence proceeds a 
ſound.” 4; V1 1 | | 


$. 1254. If a watry vapour falling from a 
cloud by conglaciation is changed into oblong 
filaments, which laid upon one another in vari- 
* ous manners form flocks or fleeces, it compoſes 
that body which we call ſnow. 

. 1255. The figures of theſe flocks are diffe- 

rent, being either regular or irregular. Some- N 
times they are thin oblong ſpikes, as AB, Fig. 1, Tab. 24. j 
© which have hardened as it were from the parti- Fig. 1, 2, 
cles of vapour, Fig. 2. being diſpoſed in a right 3» © 

line, and fo falling are heaped upon one another. | 
If. the ſpikes lye in a very diſorderly ſituation in | | 
reſpect of one another, and here are ſhorter, 
there longer, and have ſo grown together, an 
irregular fleece of ſnow is produced. But regu- 
lar fleeces ſometimes have the likeneſs of a hexa- 
gonal ſtar with thin rays, which comprehend an- | 
gles of 6o degrees, as in Fig. -3. where the 3 | 
ſpikes AB, Fig. 1. fall on each other and grow 
together. Sometimes the ſrow is like a lilly, 
Fig. 4. yet hexangular Sometimes every one 
of the ſix rays is adorned with fix other ſmaller 
rays, Fig. 5. I have ſeen ſnow the figure of 
which was as in Fig. 6. Sometimes the little 
flocks have reſembled branches of trees, as Mr. 
Cofſini has obſerved.*. Sometimes ſtars of 12 rays 
have fallen, and of other figures, which Mr. 
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Hooke has elegantly delineated *. I think it pro- 
per to add 20 other figures of fleeces of ſnow, 
which the learned and induſtrious Dr. Stokke ob- 
ſerved and accurately delineated, which fell in 
a very ſevere winter, An. 1740, at Middle. 
burg in Zealand. Mr. Kundman collected and de- 


ſcribed many of like and different figures 
Whenever it has ſnowed oblong ſpikes or hex- 


angular ſtars, they have brought with them very 
intenſe cold, which followed within a few hours, 
Snow of a regular figure is not common; and 
that is moſt frequent which conſiſts of irregular 
fleeces, and of various magnitudes. The diffe- 
rence ſeems to depend on the different congla- 
ciating exhalations, which are mingled with the 
vapours falling from the cloud; juſt as ſalts 
diſſolved in water are cryſtallized into various Þ 
figures. For otherwiſe it can hardly be conceiv- Þ 


ed, how at ſome times all the fleeces ſhould Þ f 


be formed in the air of the fame regular fi- 
gure. | ; - 

$. 1256. A maſs of ſnow juſt fallen is generally Þ * 
very rare, but that which falls in great flakes Þ 7? 


is not ſo rare as the other. Sedileau found, 


that a heap of ſnow 5 or 6 inches deep, when it | 


melted gave one inch of water, which de /a Hire!“ 


has confirmed. He adds, that in the year 1711, 
he obſerved the ſnow to be as rare again as uſual, , 


and that 12 inches of ſnow yielded only one inch! 


of water. Weidler tells us ©, that in the year 


1728 he obſerved ſnow, that was 9 times rarer, 


* Micrograph. pag. 88. and Fig. 7. ad Fig. 27. 
d Rarior. Nat. & Art. S. 2. A. 21. 

© Memoir. Mathem. An. 1692. 

* L'Hiſt. de Acad. Roy. An. 1712. 

* Obſervat. Meteorol. 
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than water. In the year 1729 at Utrecht I exa- 
mined the ſtarry ſnow, which I found 24 times 
rarer than water. If ſnow falls plentifully 
in any place, and froſt continues with ſerene 
weather, it will perpetually ſubſide, and con- 
tinually decreaſe by evaporation, till at laſt it en- 
tirely vaniſhes into air. For the ſun by it's heat 
continually ſoftens and melts it, makes the diſ- 
ſolved parts volatile, and thus conſumes it. 

$. 1257. If it ſnows while the froſt laſts, the 
fakes will always be leſs ; but if the air is warm, 
the flakes will be greater. Nay, fometimes they 


even fall along with rain. 


$. 1258. Some have been perſuaded, that it 


cannot ſnow in a hard froſt, but this is contrary 
to experience. It was plain in the years 1729, 
1740, and 1741, that it ſnowed upon ſome 
days during a hard froſt, and even when it in- 
c creaſed. Nor does the froſt always remit when 
it ſhows, though that often happens. For I 


have obſerved, that the cold encreaſed when the 
ſnow was down. Alſo that opinion is erroneous, 


that it never ſnows at ſea ; for this is frequent in 


the northern ocean. 


F. 1259. As ſometimes a vaſt quantity of rain 


has fallen in a certain place, ſo likewiſe of ſnow, 
Hence it was obſerved in the month of February 

of the year 1729 upon the borders of Sweden 
and Norway, as it were at one ſtroke, ſo great 
24 quantity of ſnow fell, that it buried above 40 
houſes, and ſuffocated all the inhabitants. Some- 
thing like this happened in Sile//a and Bobemia, 


as we are informed by the learned Wolus. The 


excellent mathematician Mr. Maupertuis has told 


8 


o 
* 
#2 


an 


zus, that there are dangerous and deſtructive tem- 


peſts of ſnow in Lapland. The wind blows all 
manner of ways, and drives the ſnow with vio- 


S 2 lence 
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lence into the high ways, where it covers and 
choaks the travellers. 
8. 1260. Snow 1s generally very white, and 


very ſtrongly reflects the light that falls upon it, 


Tab. 26. 


Fig. 3. 
Tah. 25. 


Fig. 9. 


though it be a ſpecies of ice, of which every lit. 
tle particle taken by itſelf and viewed through a 
microſcope is tranſparent. But ſince very irre. 
gular pores are left between the ſeveral /picula, 
the light becauſe of the ſtrong attraction of the 


ſpicula cannot paſs through them, but is very 
ſtrongly reflected; as it were by tranſparent glas 


beaten into powder. 
§. 1261. The uſe of ſnow is this. Firſt, to 
reſerve the herbs in winter againſt the ſeverity 


of the froſt, by burying them under the ſnow, 
Secondly, to ſupply water to brooks and rivers. F 
And hence in Europe, in the months of April and F 


May, m many places the rivers ſwell by the melt- 
ing of the ſnow on the mountains. 
$. 1262. Sometimes in the heaven appears a 


bow of various colours, called a rain-botw or iris; 
when the ſun ſhines behind the ſpectator, and it! 
is cloudy before him, together with rain be. 


tween. 


§. 1263. Sometimes two or three bows are ſcen Þ © 


in the heaven together, concentrick to each o- 
ther. 


ternal is languid, and therefore is ſaid to be /econ- 
dary. 


it appears with very weak and Janguid colours. 


FS. 1264. The order of the colours in the two : 
In the primary they will- fo. 


bows is inverted. 


low in this order, beginning the enumeration Þ 2 
from the inward part. Violet, purple, blue, 
green, yellow, orange, red. The colours of th: 
Red, 


orange, 


ſecondary bow ſucceed one another thus. 
. | 2 


4 E ²˙ i ˙ IE r . . A ER 
* 3 * * * *** „ 


The internal bow has the moſt lively co- Þ © 
lours, and therefore is called primary. The e.“ 


If there is a third, which is but ſeldom, Þ j 
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S. 1265. That the primary iris may be under—- 
ſtood, let there be conceived a dro 
BD F, upon which a ray of the ſun Pals, which Tab. 26. 
zs refracted at B to D. From D it is reflected Fig. 1. 


Such are the colours likewiſe that are exhibited 
by a glaſs priſm, when it refracts the rays of the 
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orange, yellow, green, blue, purple, violet, 
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ſun. | 


of water 


in F G, f g. 


to F, and going out again at F it is refracted in 


6 F, and ſeparated into colours. 


S. 1266. On the ſide, towards the ſun many 


, 


EE, &c. fall upon the half ſurface of the drop. 
the oppoſite part of the ſurface ba ed, go out 
into the air. Thoſe that do not paſs out, but 
are reflected by the poſterior ſurface bd ae, and 
brought back to the anterior part Padce, go 
out, and are ſeparated from one another to feve- 
ral places. | 


* = r 2 


rn 


being near and parallel to one another, fall on 


138 8 


the anterior part of the ſuperficies A B, and are 


refracted to the ſame point D of the poſterior 


ſuperficies, from whence being reflected forwards 


to Pf, go out of the drop parallel to one another 
Theſe rays being near one another 
will ſtrongly affect the eye, and therefore are call- 
ed effeftual : Whereas others that are too rare can- 
not ſufficiently affect the eye, which is at a nota- 
ble diſtance from the drop. 


point P, and alſo from the center of the drop C 
the perpendiculars CL and CM are drawn, as 
alſo CA; then CL will be the ſine of the angle 
of incidence, and CM the fine of the angle of 
8 8 3 refraction, 


parallel 7 nne, 9, * 26. 
bs. 2: 
Some of theſe are refracted, and proceeding to 


S. 1267. But there are rays A A, BB, which Tab 26. 
18. 1. 


FS. 1268. If the ray AA is produced as far as Tab. 26. 
gl. | * and G F be continued backwards to the ſame Fig. 1. 


Tab. 16. 
Fig. 3. 
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refraftion, which in the red rays are as 108 to 
81, and in the violet as 109 to 81. If a cal. 
culation is made with theſe numbers, the mag. 
nitude of the arch AE may be found, as alſo 
of the arch A D, from whence the angle A PG 
will be 42* 2 for the red rays, and 40* 17 for the 
violet. 

$. 1269. Let a ſpace of the atmoſphere X Z 
be conceived to be full of drops, the ſpectator in 
O, and from the center of the ſun behind the 


ſpectator's back let a line OF paſs through the 


eye O, which is parallel to the rays DE, PS, 
eue to the drops. Of theſe DE is re- 


racted to K, and thence reflected to n, and go- Þ 


ing out at this point is parted into colours, and 
comes to the eye at O in an angle nOF of 42 


2, where it repreſents a red colour. In like man- 


ner the drop S refracting the ray PS, and ſend- 


ing it to the eye O in an angle QO F of 4& | 


17, repreſents a violet colour. Now let On 


and QO be imagined to be carried about OF | 
as an axis, and they will deſcribe conical fur- F 


faces, whoſe baſes will be circular. 

§ 1270. In any viſible point of theſe baſes the 
ſame colours will be ſeen under the ſame angle; 
wherefore the ſpectator O will ſee a coloured 


arch, having it's latitude n Q of one degree and 
45 minutes. 


$. 1271. From hence therefore it appears, that | 
according to the different height both of the fun | 


and of the ſpectator above the horizon, a greater 


or a leſs portion of the bow will be ſeen. For it | 
the ſun and the ſpectator be both in the horizon, | 
OF will be parallel to the horizon, ſo that the 
arch which will be ſeen will be a ſemicircle. But | 
as the ſun aſcends above the horizon, OF will F 


be depreſſed, and therefore the center my be 
| elo 
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below the horizon, and the leſſer portion of the 
circle will be expoſed to view. But when the 


* ſun is raiſed 42? 2, the right line On will be pa- 


rallel to the horizon, and therefore the leaſt part 
of the arch will appear in the horizon ; and the 
ſun being raiſed never ſo little higher, the whole 
arch will vaniſh. 

$. 1272. The nearer the rain is to the ſpectator 
O, the baſe of the cone will be a circle of fo 
much the leſſer radius, and therefore the bow 
will appear the leſs. And the farther off the 
rain is from the ſpectator O, ſo much the greater 
the baſe of the cone will be, and the bow the 
larger. 

$. 1273. If the rain falls on the fide HC, 


a part only of a bow HEV will be ſeen. If 


on EV, a part of the bow HC will be ſeen, 
And if no drops fall from the intermediate part 
E H, only the legs of a bow E V and HC will 
be ſeen. 

F. 1274. Becauſe the rain falls from the cloud 
quite to the earth, a ſpectator that ſtands on a 
plain will ſee the legs of the bow ſtanding upon 
the horizon. Fg 

F. 1275. If the ſpectator ſtands in the middle 
of a plain, and the rain paſſes over his head ; 
as it goes forward, and the drops ſettle in great 
plenty upon graſs and other plants, the legs of 
the bow will ſometimes ſeem to lye upon a long 
tract of graſs. For the rays of the ſun refract- 
ed by theſe drops under the ſame angles as in F. 
1268, will be reflected to the ſpectator. 

§. 1276. And whereas the bow can be ſeen 
only under the ſame angles, it is plain how it 
will ſeem to go before a ſpectator that follows it, 
and to follow one that goes from it. | 


8 4 K 1277. 
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F. 1277. The rain-bow is then only conſpicu- 
ous, when the ſky oppoſite to the ſun is . cloudy, 
ſo that very little light can return from thence. 
For otherwiſe this will ſhine too much with it's 


own light, and hinder the colours of the bow 


from being perceived. Therefore the colours of 
the iris will be ſo much the more intenſe, as that 
part of the heaven before the ſpectator is more 
opaque. 


$. 1278. Let BD FH be a ſpherical drop of 
rain, and AB a ray of the ſun, which is refracted 


at B proceeding to D, from thence 1s reflected 
to F, and from F to H, from which point 
paſſing out of the drop let the refracted ray be 
HI, which therefore is twice reflected and twice 
refrafted. Such rays will be effeftual for form- 
ing an iris, becauſe their incidence AB and æ 8 
is near, and after the firſt reflexion in D and Z 
they become parallel to one another DF and 
Z X; and thence reflected to H and S, and a 


ſecond time refracted in H and S, they proceed 


near and parallel to one another in HI and SR. 
§. 1279. It may be found by calculation, by 
knowing the ratio of the refractions of the rays 
out of air into water, what is the angle API in 
this caſe. For the red rays the angle is 30˙, 58', 39", 
and for the violet 54*. 7. 
§. 1280. It therefore the ſpectator is in O, and 


a ray from the ſun ſhining behind drawn through 


the eye is OF, and the rays darting through the 


drops of rain AE, PM, being twice refracted 
and reflected come to the eye O, forming the 
angle BO F of 54%, 7, and MOF of 30˙, 38“, 39“, 
the violet and red colours will be ſeen. And the 
right lines BO, MO, revolving about the axis 
OF, cones will be generated, in the baſe of 
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which, under the breadth of 3e, 8', 21", the 
coloured bow will be ſeen, or the ſecondary 
iris. | 

$. 1281. The colours of this iris are more faint 
than thoſe of the primary one, becauſe many rays 
falling between AB and « g, go out of the drop 


at D Z; and part of thoſe which are reflected to Tab. 26. 
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XF go out at XF; ſo that but few paſſing out Fig. 4. 


at H and S can arrive at the ſpectator, 

F. 1282. Becauſe the colours of the ſecondary 
iris are ſo weak, they cannot be ſeen, except the 
ſky before be very cloudy ; therefore the ſecon- 
dary iris is but ſeldom ſeen, and the third very 
rarely. For that this may be ſeen there muſt be 
three reflexions in the drop, and two refracti- 
ons; beſides it is required, that behind the drop 
the heaven muſt be quite black, and reflect no 
light, and the ſun muſt ſhine very bright be- 
kind the ſpectator's back. 

$. 1283. The lunar iris is to be explained after 
the ſame manner, which, though very rare, yet 
has been obſerved by night when 1t rained, at the 
time of full moon; but the colours of this are 
always more faint than thoſe of the ſolar zr:s , 
ſince the moon's light, by reaſon of it's rarity, 
has not ſo much force as that of the ſun, with 
which it affects the drops of rain. 

$. 1284. Hitherto we have ſaid the bow was 


of the ſame latitude through it's whole extent; 


and ſo indeed it is in reality, though it's inferior 
legs appear to be wider, and it's top narrower : 
and thence the two concentrical bows at their 
tops ſeem to have a greater diſtance than between 
their legs; which phenomenon depends only on 
the imagination of the ſpectator. 


F. 1285. Many things might be here added, 


relating 
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relating to the calculation of the angles which the 
eſfectual rays contain; and other circumſtances, 


which muſt be omitted in theſe elements, as 
being of too ſubtile and rw an enquiry, 
t 


Concerning theſe and other things relating here- 
to, the Philoſophical Tranſactions ſhould be con- 
ſulted, Ne. 240, 267, 375; Dr. Clark's Notes to 
Rohault's Phyſicks, P. III. C. 17; Newton's Op- 
ticks and Lectures; Smith's Complete Syſtem of 
Opticks, B. II. C. 10; or the Phyſicks wrote in 
the Dutch tongue. 

$. 1286. The ſun, moon, planets, and fixed 
ſtars, are ſurrounded by crowns or halo s. Theſe 
are luminous circles, ſometimes white, at other 
times coloured as the rainbow. Sometimes there 


is but one, at other times ſeveral concentrical to 


one another. Thoſe obſerved about Syrius or Ju- 
piter have had diameters of 2, 3, 4, or 5 degrees 
but nevergreater*. Thoſe that are ſometimes about 
the moon are ſmall, in diameter 3 or 5 degrees: 
but both theſe and thoſe about the ſun are found to 
be of different diameters; for they have been ob- 
ſerved of 12%, 0; 22, 35; 30*; 38%; 45*; 40, 
24 3 47*; 90? z or greater. Their diameters for the 
time they continue, are often ſubject to mutations; 
alſo the latitude of the coloured or white rings 15 


different, ſince they have been of 2, 4, or 7 de- 


grees. When the circles are looked upon with 
the naked eye they appear oval ; and if the dia- 
meter is conceived to lie in the meridian, and to 
be divided into three equal parts, the ſun will be 
two parts diſtant from the loweſt point. When 


+ Gaſſend. ad Diog. p. 584. Marriotte Mouvem. des Eaux. 
Wolfius in Cogit. ingeniol, 


? Newt. Opt. L. 2. P. 4. Obſ. 13. 
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the circles are meaſured with an inſtrument they 
are found to be round *. | 

$. 1287. Whether the circles are coloured or 
white, the intermediate ſpace between the lumi- 
naries and the circles have always a leſs degree of 
brightneſs than the circles themſelves. The co- 
lours of the crowns are more dilute than thoſe of 
the rainbow, and ſucceed one another in a differ- 
ent order, according to the different amplitude 
of the crown. In thoſe rings oblerved by New- 
ton in the year 169, reckoning the colours 
from the inward to the outward, they lay in 
this order. In the internal annulus the blue was 
within, the white in the middle, and the red 
without. In the ſecond ring, purple, blue, green, 
yellow, pale red. In the third, pale blue, and 
pale red followed each other, 

Huygens obſerved a red colour in the inner 
ambit, and a pale blue in the exterior, Sometimes 
I have ſeen in the inner annulus a red colour with- 
in, and white without ; and at other times the 
colours were in the ſame order as Newton obſerv- 
ed them. Meidler took notice of a yellow colour 
within, and white without. 

$. 1288, The cauſe of theſe crowns is in 
the atmoſphere, not far from the earth. For 
firſt, our minds are deceived by making a wrong 
judgment, and ſuppoſing the crowns to be a- 
bout the ſtar itſelf ; which have either no at- 
moſpheres, or however not ſo great ones. Se- 
condly, they are ſeen but by a few obſervers at 
once, and ſeldom at the diſtance of two or three 
miles. Thirdly, they break away when the wind 
rifes. Fourthly, they are not collected but when 


* Smith's Opticks, L. 1. F. 167. R. 344. 
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the air is ſtagnant and ſluggiſh. Fifthly, they 
never appear when the heaven 1s clear, but when 
it is covered with a thin cloud. Laſtly, when 
this cloud is driven away by the wind, they break 
and diſperſe on that ſide. 
$. 1289, We may imitate this crown by art, 
when in a cold ſeaſon we make a ſteam of hot 
water to ariſe between our eye and the flame of a 
candle. Hence it is uſed to be ſeen in baths about 
a light. Alſo if we re-admit the air into an 
empty glaſs receiver, beyond which a candle is 
placed ; for as ſoon as the air comes to a due de- 
gree of denſity, a Halo will be ſeen about the 
flame with it's ſeveral colours“: wherefore when 
a halo is ſcen in the heavens, it is produced after 
the ſame manner as this artificial one. This may 
either ariſe from light paſſing through the parti- 
cles of vapour, being twice refracted, or from 
light running between the interſtices of the va 
pours, and inflected by the attracting forces, and 
thereby ſeparated into it's colours. The latter 
cauſe ſeems to be the leaſt probable, becauſe of 
the unequal intervals, which equal globes equally 
diſtant leave between one another; 1o that the 
equable and continual inflexion of the rays ſeems 
hardly to ariſe from thence. Now light is ſepa- 
rated into coloured rings, when it paſſes through 
hollow bubbles of water which has been inſpiſſated 
with ſoap. And according to the various thick- 
neſs of the film in the bubbles, a different colour 
riſes, as well by reflexion as paſſing through. 


Therefore let there be a thin ball of vapour X, 


and let it's thickneſs gb be equal to the thick- 
nels of the film in a large ſaponaceous ball, where 


* Boyl, in Cont. Exp. Phyſ. F. 44. 


it 


Y 
* 
i 
4 
4 
4 
KN 
* 
* 
% 
4 
7 
4 

\ 
cs 
* 
J 

'$ 
71 
6 
A 

k 


of Sa. 833 — 
K 4. 0 EL IRS 


"PEW N FOB 1 n 
C2 Emeline dit ARIES AS 


Eg * x 2 1 2 g — 
A rn. 


r * 


15 
* 
4 
4 
4 


* wo 
wa, KS 8 * 505 — 7 
E 


vis eee — q 3 OA Spe eas © AS 


. oy "DES — = . 1 I 7 P . 
e r N pe; . 


NATURAL PHILOSOPHY. 2869 


it forms a red ring by the rays paſſing through. 

Let yc be the thickneſs of a vapour, ſuch as 

agrees to the yellow ring in the ſaponaceous ball. 

Let 4d be the thickneſs in the vapour, ſuch as 

forms the blue ring in the ſoap-ball, c. Therefore 

in the ball of vapour X the rays B will paſs 
through the annular place g b, and will form a 

red ring. The rays of the ſun Cy will paſs 
through y c, which after they have gone out will 

make a yellow ring; as the rays tranſmitted 
through 4d will make a blue ring. All theſe 

rays will cut the axis Aæ a at a different angle, 
tending to the points k, h, g, f, r, continually 
diverging more and more from one another. But 

an eye being placed in k, h, g, will ſee the fore- 
mentioned colours, and will refer them to diffe- 

rent places. 

$. 1290. In the plain K X let there be a num- Tab. 20 

ber of ſpheres of the ſame magnitude; a ſpec- Fig. © 
tator in S, and parallel rays from the ſun falling 


upon them, and likewiſe Jer there be formed 


ſome coloured rings by the tranſmitted rays, as in 
F. 1289. Let RZ S be a ray from the ſun to 
the ſpectator S, and perpendicular to the plain 
KX, the ſun's rays PF falling on that part 
of the ſphere, that paſſing may form a red 
ring, and go on toS. The rays PK falling 
on part of another ſphere, ſo that paſſing they 
may form a blue ring, and afterwards be directed 
to 8; then if ES and KS are ſuppoſed to re- 
volve about Z S as an axis, a cone will be gene- 


rated, in whoſe circular baſe the little globes that 


are ſituated in the air above, may ſend to the 
ſpectator S blue and red rays, from the rings of 
the ſame colour, under the ſame angle E SZ, 
KSZ: therefore the ſpectator S will ſee a co- 
toured circle, red within and blue without. If 
| many 
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many different colours fall within the angle K SF, 
this middle circle will appear white: But if in 
KSE are brought the rays of another coloured 
circle, a circle of that colour will alſo be ſeen. 

Having thus given the theory of one coloured 
circle, more may be conceived, ſurrounding the 
former. But if the coloured rays coming from 
ſeveral rings of ſpheres K, E, ſhall fall upon one 
another at S, there will only appear a white ring 
KSE. 

$. 1291, If the little ſpheres K E Z be great. 
er or leſs at different times, the order of the 
colours will vary. Hence it is that the ſame 
order has not always been obſerved in the co- 
lours of the rings. Alſo thoſe that give the ſame 
colour do not always come to the eye S under 


the ſame angle: from whence it follows, that | 


the crowns will be ſeen with different amplitudes : 
and becauſe the ſame ball of vapour forms by 
tranſmitted rays many different coloured rings, of 


which in X fig. 5. we have deſcribed only four; | 
but their rays cut their axis A and a at different | 


angles; therefore according as theſe balls are 


ſuſpended higher up, or nearer to the ground, | 


the rays of different rings will come to the ſpecta- 


tor under different angles, and ſo the crown will | 


be ſeen to increaſe or decreaſe in breadth, as has 
been obſerved in the ſame crown, that continued 

for ſome time. 
§. 1292, It is idle to imagine, that theſe 
crowns are prognoſticks of wind, rain, or of 
a ſtorm at hand. For I have often obſerved, 
that a tranquillity followed the next day. More 
refinements relating to this may be ſeen in New- 
ton's Opticks, I. 2. p. 4. as alſo in Huygens's 
poſthumous works, and in Smith's Opticks, B. 2. 
Ch. 11. Huygens has explained very ingeniouſly, 
ER the 
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ö the nature of theſe crowns, from the hypotheſis 


of hail that is tranſparent at the outſide, but 


within conſiſts of a dark nucleus of ſnow. But 


we have not eſpouſed this opinion, becauſe of the 
obſervations F. 1289. 
$ 1293. Sometimes in the heaven, together 


with the true ſun, ſome mock-ſuns have appeared, 


which are called parheliz, becauſe they are ſeen 
near the body of the ſun, or becauſe they bear 
ſome reſemblance to the ſun itſelf, Their num- 
ber varies, for ſometimes there are only one or 
two, ſometimes more, even as far as ſix have 
been ſeen. | 

$. 1294. The magnitude of the parbelii is the 
ſame as that of the ſun itſelf. The figure is not 
always round. The brightneſs is generally more 
faint than that of the ſun, but ſometimes as great. 
If there are many at the ſame time, ſome are 
more dull and pale than others. Their margins, 


like the rain-bow, are tinged with colours. Man 

have a long tail ſtretching from the ſun, ſome- 
thing of a fiery colour where it adheres to the 
= mock-ſun;, but at a greater diſtance it becomes 
> paler, 
extended in a white horizontal circle. 


The tail is 


And ſome are without a tail. 


9. 1295, The parbelii are almoſt always at- 


tended by certain circles, of which ſome have 
the colours of the iris, and others are white, 
> They are alſo variable in number and magni- 


: tude; yet all have the ſame latitude equal to the 


apparent diameter of the ſun. There are ſome 
Circles which ſurround the ſun placed in their 
= center. 


Theſe are coloured, and have a dia- 
meter of 45 degrees, nay ſome have been ob- 
ſerved as large as 90. 
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The plain of theſe is Tab. 25. 


1 perpendicular to a right line drawn from the Fig. 18. 
ſpectator through the center of the ſun ; there- 
| fore 
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fore their ſituation is different according to the 
different elevation of the ſun above the hori. 


zon; the more lively their colours appear, ſo 


much the more languid is the light of the ſun, 
There are other circles, which are parallel to the 


horizon, of which commonly one is larger than Þ 


the reſt, is white, and comprehends all the par- 


bell, and which if intire would paſs through the! 


real ſun: the center of this is the zenith. Hes. 
lius ſaw one of theſe, whoſe diameter was 130 


degrees. Sometimes there have been arches of 
leſſer circles concentrick to thefe ; which as they 


aſſed over the former coloured ones, covering 


them only by their breadth, were alſo tinged Þ 
with colours, and were in a plain paſſing through | 
the zenith and the ſun, and contained the other | 
parbelii. There were allo other circles ſituated ob. 
liquely in reſpect of all thoſe beforementioned. | 
The order of the colours in the tinged circles was | 
the ſame as in the iris; but in the inward part next | 
the ſun is the red colour, as is alſo oblerved in 


many of the crowns. 


$. 1296. Parbelii have been ſeen for the ſpace | 
of one, two, three, or four hours, when the ſun | 


was elevated at different altitudes; then the 


parbelii vaniſh, then the circles by degrees, |. 
firſt on one fide, and then on the other, often | 


ſeeming to return in thoſe places, where they 
began firſt to vaniſh, till at laſt they quite diſ- 
appear. 


F. 1297. The matter of the parbelii has like- 


wiſe it's abode in the earth's atmoſphere. Firſt, 
becauſe the coloured circles that encompaſs them 
are only crowns, the matter of which, by F. 1288, 
is ſuſpended in our air. Secondly, according to 
the accurate obſervations of Hevelius, [Tuygens, 
Cini, Maraldus, Verdrieſius, and my own, at 
S761 the 


: 
ö 


NATURAL PHILOSOPHY, 
the time of the parbelii the heaven was never 


perfectly ſerene, but covered with a thin tranſpa- 
rent miſt. Thirdly, the more lively the colours 


of the circles are, ſo much the more the light 


of the real ſun is pale and faint. Fourthly, 
they are hardly ſeen in two places at the ſame 
time, though thoſe places are but little diſtant 
from one another; for the parbelii ſeen at Har- 
lem, February 22, 1734, did not appear at all at 
Utrecht. So two remarkable mock-moons with 
their crowns, were ſeen March 12, 1734. in the 


] villages of Catwick and Kougdekerk, as alſo at 


Leyden, Nor was any thing of this ſeen at 


N Utrecht. Fifthly, they are generally obſerved in 


the winter-time, when it is cold, with a mode- 


tate froſt, a mild wind blowing, either from the 
north or pretty near it. Laſtly, when the par- 
belii are over, See rain follows, and ſome- 
times ſnow, which conſiſts of oblique ſpikes or 
flakes. 


$. 1298. Becauſe the parhelii do not always ap- 
pear with the ſame phenomena, their cauſes may 


indeed be ſimilar to one another, but not exactly 
tlie ſame; therefore in the theory which we ſhall 
give of one obſervation, ſomething muſt be 
changed, whenever there ſhall be other circum- 
2 ances in other parbel:. 


$. 1299. Let us ſuppoſe picula of ice, very 


fine and cylindrical, to be ſuſpended aloft in the 
air, ſuch as ſometimes fall down under the form 
of ſnow; and let theſe begin to melt by the 
beams of the ſun, ſo as that the middle dark 
nucleus CD may not yet be melted, but the exter- Tab. 25. 

nal parts AB, AB, melting only may be tranſparent; Fg. 7- 
and let part of the melted water dropping down- | 
2 wards form a little globe BEB. Such a ſpiculum 
will ſwim erect in the air, becauſe of the ſituation 
Vol. II. * of 
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Tab. 26. 
Fig. 8, 10. 


Tab. 26. 
Fig. 7. 


Tab. 26. 
Fig. 7, 8. 
10. 
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of it's center of gravity between D and E. Theſe 
things ſuppoſed, it will not be difficult to explain 
the phenomena of the farbelii, as I ſhall ſhew in 
theſe obſervations. Nor are theſe precarious po- 
fitions ; for firſt, there are actually ſuch cylindri- 
cal ſpicula ſometimes in the air. Secondly, at 
the time of the parbeli; they have been obſerved 
to fall. And thirdly, ſuch as theſe made by art, 
of glaſs, and full of water, with a dark piece 
of wood in the middle, being ſuſpended on high, 
have exhibited the phenomena of the parhelii, as 
Huygens the author of the ſolution has obſerved. 

S. 1300. Since theſe fpicula hanging in the air 
muſt intercept ſome part of the ſun's light, he 
will be leſs reſplendent than in the ſerene heaven. 
Let SR be the ſun, and let S P, RQ be ſuppoſed 
to be rays emitted from the extremities of his 
diameter, which falling upon the ſurface AB, 
may be ſuppoſed to fall only upon a line, and 
therefore have their incidence as 1t were upon a 
plain ſpeculum, from which being reflected under 
equal angles, they will proceed in PV, QV. 
A ſpectator placed at V will receive this light, 
which will be weak; for only a ſmall line QP is 
the reflecting body. The reſt of the light falling on 
the ſide of this upon the other part of the ſuper- 
ficies will be reflected a different way in reſpect 
of V. Now the ſhining object in V will appear 


in this ſpeculum PQ at the ſame altitude above 


the horizon, as the ſun 8 R, and under the ſame 
longitude with S R, by F. 1038; but not under 
an equal latitude, becauſe P Q 1s only a reflecting 

line. | 
§. 1301. If therefore the ſpectator was in a, 
and his zenith at 8, and if the angles A , & «6 
are equal to the angles Z WP, Z VQ, of fig. 7, 
becauſe of the rays reflected on all ſides by the 
ſpicula, 


= 
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. ſpicula, a white ring x A wv will appear to him at 
* «a, of the ſame elevation above the horizon as the 
ſun y, and of equal breadth to his diameter. 
$. 1302. The ſun alſo darts his rays S P, RO Tab. 26. 
which entering into the tranſparent cortex of the Fig. 7. 
ſpiculum, are refracted at PT, QX, in this icy 
ſubſtance. But going out again at IX, are car- 
ried through the air in the right lines TY, X V. 
parallel to the former SP, RQ and becauſe 
the thickneſs PT is very ſmall, a ſpectator 
placed at Y will judge theſe rays to proceed 
from an object placed no higher than RS. Not 
only the rays falling upon the line PQ will 
arrive at the ſpectator placed in Y, but others 
alſo of the neighbouring lines. And ſince all are 
refracted at going out of T X and the neighbour- 
ing ſurface, they will be ſeparated into their co- 
ours, moſt of which falling upon one another 
will exhibit their former whiteneſs by F. 931. 
Others that come near to the ſides, will be ſeen 
under their own colours. 

F. 1303. If we conceive theſe ſpicula in the white 
circle which I juſt now explained in S. 1301, it 
is plain that to a ſpectator placed in «, many 
ſuch rays will be tranſmitred by the /picula, 
which are ſituated between him and the ſun , 
and there will he a certain place, in which 
the ſpicula will fend the refracted light to the 

ſpectator in the greateſt plenty. This is the 

occaſion, that a mock-ſun will appear in the 

white circle at „ and x. And ſince the neigh- 
> bouring ſpicula always tranſmit ſo much the leſs 
light paſſing in this manner to the place @, as 
they are more remote from the ſun y ; therefore 
2 ſhining tail will ſeem to adhere to the parbe- 
v and x, but included in the white circle. And 
becauſe of the lateral rays that are refracted into 
2 colours, 
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Fig. 9. 


Tab. 26. 
Fig. 10. 


Tab. 26. 
Fig. 7. 


directly reflected from the 
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colours, the parbelii and the tails will be ſeen 
with coloured limbs, and the tails will be leſs re- 
fulgent at their latter parts, and ſtretched out the 
fourth part of a circle from the ſun y. 

§. 1304. If the rays of the fun OM are propa- 
gated in the plain A B, they that would have pro- 
ceeded directly to K, being refracted will be carried 
in the ſpiculum, and it's plain BC to P. But being 


reflected by it's farther point P, they will move 


in the plam CD to G, where going out of the 
ſpiculum and being refracted from D to F, they 
proceed in the plain E D. Being carried in 
theſe plains, and drawing HF parallel to the 
ſide of the ſpiculum D G, they will come to F, un- 
der the ſame angle HF G as if they had been 
int K, and there- 
fore under the ſame angle as that of their inci- 
dence on the ſpiculum. 

$. 1305. Again let the ſpicula be conceived 
in the white circle; the rays emitted from the 
ſun , and twice refracted and once reflected at 
the ſpicula A and u, will come to a ſpectator at a 
under the angle A, and in a good quantity. 
Wherefore here again parbelii will appear at a 
and u, though not ſo bright as the former; be- 
cauſe though many rays are reflected by the hin- 
der part of the /picula, yet many paſs out like- 


wiſe. Therefore their tails will be ſo weak as not | 


eaſily to be diſcerned. 


$. 1306. A little ſpherical drop BEB adherss | 


to the lower part of the ſpicula, through which 


light paſſing forms the coloured rings FG, HK, 
LM, as we have ſeen in thoſe globes that pro- 


duce the Halo's, F. 1289, Therefore theſe will 
exhibit like rings to view, tinged with the 
colours of the iris, Js, uu, v6, Fig. 8. which 


will encompaſs the ſun y, and will be either 
fs ſing 
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fingle ones or ſeveral, ſituated in another plain 
ndicular to a right line, drawn between 
the center of the ſun and the eye of the ſpec- 
tator. 
$. 1307. If the motion of the air will not 
ſuffer theſe ſpicula to be at reſt, but ſhould move 
them a little towards one fide, and weaken them; 
the brightneſs of the parbelii will immediately 
be changed. So that they will ſeem to be in a 
| ſtate of continual labour. He that deſires more 
and more curious ſpeculations about this ſubject, 
may conſult the diſſertation of the great Huygens 
concerning crowns and parbhelii; as alloDr. Smith's 


"+ 


* * 
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Opticks, B. II. C. XI. 

$ 1308. Paraſelenæ alſo appear about the moon, 
with like tails and coloured circles, as now men- 
tioned in the parhelii. Their cauſe without 
doubt is analogous to that of the parhelii, and 
their phenomena may be explained in the ſame 
manner. | RES 

$. 1309. Sometimes the ſun ſeems to emit 
from the clouds /uminous ſtreams, or virgæ, ex- 


E 


> tended as far as the earth, in the form of cones, 


being wideſt near the earth. They are gene- 


rally ſeen in the afternoon, after hot weather. 


They ſhew themſelves when the clouds deprive 


the ſpectator of the ſun, when the thin and di- 


ſtant rays are directed towards the earth, through 


cloſe place, we ſee little corpuſcles floating about, 
ſome moving upwards, ſome downwards, and 
meeting one another in all directions. But when 


SY form 


the narrow interſtices of other clouds. Theſe 
z rays meet with the aſcending vapours, and being 
viewed laterally affect the ſight ſtrongly. As 
when the beams of the ſun are admitted into a 


? theſe rays are viewed ſideways, which are thus 
effected by the corpuſcles, they appear in the 
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form of the virgæ or luminous ſtteams above de. 


ſcr.be d. 

CHAP. XL 

Of fiery Meteors. 
8.1310. TT AVING now diſpatched the 


principal watry meteors, we muſt 
proceed to the fiery meteors. But here ve 
muſt take great care, that we do not confound 
thoſe that are only ſhining but not fiery, with 
ſuch as actually burn. For there are ſome ſhin- 
ing, as the parbelii, and the Halo s, which ſtrike 
the eye more ſtrongly than thoſe that are hery. 


Even the clouds ſometimes reflect the light of : 


the moon more forcibly, and ſeem more to burn, 
than ſome aurore boreales. 
take care that we do not confound the morning 


and evening twi-light with theſe meteors, as allo F | 
the luminous tracts of the milky way, or the“ 
light of the zodiack obſerved by Caſini, and e- 


cellently deſcribed by Mairan. 


§. 1311. Fiery meteors either emit a faint Þ 7 


light, and are rather ſhining ; or they dart 
out a bright light, and burn. To the firſt 
belong the aurore boreales, with all their various 
ſpecies ; to the latter belong thunder, lightning, 
and ſuch like. Let us firſt examine the nature 
of thoſe that ſhine. 


S. 1312. Antiquity has affixed various names 


fo theſe luminaries, agreeably to their figure, to 
which they have given more attention than to! 


ſearch out their cauſe. Though they may all 
conſiſt of a like matter, yet this may be notably 


diſtinguiſhed by the quantity of different earth) 


exhalations, which being ſet on fire may ſhine. 


i 


Likewiſe we muſt Þ 
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It is called trabs, or a beam, when an oblong light 
Z ſhall appear, parallel to the horizon. An arrow, 
or ſagitta, has the figure of a beam, but only it 
2 terminates in a point. A fax, or torch, has it's 
ght placed in any ſituation, but has a broad ex- 
tremity. Capra ſaltans, or the dancing goat, was 
that light, which by the force of the wind was 
changed into various ſhapes, is ſometimes inter- 
rupted, and ſometimes appears whole again. Bo- 
* thynoe is that, when a great tract of the heavens 
within is encompaſſed as it were with a crown, 
like a cave ſunk in a circular manner. Pithia is 
.þ © when a light moves or ſeems to burn, like a vaſt 
round barrel. 
S. 1313. As the aurore boreales, by reaſon of 
their frequency in this laſt age, have begun to be 
better known, I had a ſuſpicion that the lights 
mentioned in F. 1312, might be of the ſame 


— — 99 VE CD 


kind. For I have ſometimes obſerved clouds in 
the heavens, ſhining with a mild luſtre, and of 
different forms, to which the ancient names agreed 
very well. But theſe muſt be referred to the 
aurore: As firſt, I ſeemed to gather from their 
light. Secondly, becauſe they were ſeen in the 
north, or came that way. Thirdly, becauſe ſome 
of them, after they had ſhined agreeably, began 
to ſend out columns from themſelves, as the au- 
roræ are uſed to do. Such clouds are not eaſily di- 
ſtinguiſned from the reſt, unleſs any one is well 
accuſtomed to the obſervation of aurora boreales, 
and takes notice whetherthey are not illuminated 
by the ſun, or by the moon. Therefore aurore 
boreales may be divided into two ſpecies, into 
thoſe that are mild, or flaſhing. To thoſe that 
are mild may be referred the meteors mentioned 
before in $. 1312. As alſo that aurora which 
was ſeen in France, Ofober 9, 1730. by Meſl. 
f 2 4 Caſſini 
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Caſſini and Mairan. This was extended horizon. 
tauy from north to ſouth, without columns or 
ſhootings ; and breaking in the middle went away 
in two oval lights *. | 

$. 1314. The flaſhing aurora borealis conſti- 
tutes the other ſpecies. This 1s that which is 
vulgarly called the noribern lights. It is no new 


meteor, but known even from the moſt ancient Þ © 


times; deſcribed by Aritotle *, Pliny ©, Seneca“, 
and others after them. Frobeſius has wrote the 
beſt catalogue of them. But they are not fo 


frequent in the more cultivated parts of Europe | © 


remote from the north pole. After the year | 


1716 they began to appear frequently in Hol. 
land. And though they are very common in 


the northern parts, yet it is plain from the | 


obſervations of Burman and Celſius, that the 


brighter auroræ were formerly but rarely ſeen in | 
Sweden ; and this aſtronomer being defirous to | 


obſerve them after the year 1716, from that 
time collected above three hundred and ſixteen that 
appeared there *, They are very often ſeen in 
England and Germany, ſeldom in France, and very 


rarely in Lay. For before the year 1722 hard- 
ly any appeared there; and from that time | 


only twice or thrice at Bononia. So that in Laß 
this phenomenon 1s accounted a very rare one, 


as the Bononian commentaries teſtify *, ſince the | 


aurora of the year 1727 was the firſt, which in 
Italy in the memory of man fell under the ob- 


a L'Hiſt. de P Acad. Royal. An. 1730. 

d Meteorolog. 1. 1. c. 4, 5. 

IRE NSCT. 2. e. . 

* Quæſt. Nat. I. 1. c. 15. 

Nova & Antiqua Aurorz Borealis Spectacula. 
Obſervationes de Lumine Boreali. 

s Comment. Bonon. p. 285. 
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* ſervation of any aſtronomer. Wherefore Pole- 
nus, Boſellinus, Baldinus, and Zanottus, obſerved 
and deſcribed the aurora of the year 1737 with 
a great degree of accuracy and diligence *, 

FS. 1315. Not always the ſame appearances, but 
very different ones, accompany the aurora borea- 
© lis : But generally they are in this manner. In 
the northern coaſt of heaven, either due north, 
or thence to the eaſt, or on the other ſide to- 
2 wards the weſt, a cloud appears, which either 
lies in the horizon, or is elevated above it a few 
degrees, ſeldom ſo high as 40, yet is ſometimes 
extended as high as that. Or the cloud is ſeparat- 
ed from the horizon, ſo that the blue ſky may 
be ſeen between it and the horizon. As to 
length it poſſeſſes various parts of the horizon, 
from 5 or 6 degrees as faras a 100 or more. This 
cloud 1s white, not very bright, oftener thick and 
dark. It's upper limb is parallel to the horizon; 
yet ſometimes it is gibbous, like a bow, ſo that 
it is like a round diſh a little above the horizon. 
Sometimes to the upper margin of the black 
cloud there adheres a broad limb, that is concen- 
trick, white, or brighter. Even to the lower 
margin of the black cloud a lucid limb has 
been obſerved to adhere, unleſs both the bright 
limbs belonged to two black clouds diſtant 
from one another, one of which was higher 
above the horizon than the other, as ſeems to 
be gathered from other obſervations ®. Some- 
times the black part has been converted into 
2 white ſhining cloud, after the aurora has 
2 ſhined for ſome time, and thrown out man 
2 flaſhing ſtreams. But it has been obſerved like- 


4 * Poleni ſopra I Aurore Boreale. 
— ? Miſcellan, Berolin. T. I. p. 132. 


wiſe, 
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wiſe, to have returned to it's former opacity. Þ* 


The heaven ſhines brighter above the upper 
limbof the cloud, but this brightneſs is preſently 
changed, being ſometimes increaſed and ſome- 
times diminiſhed. 


$. 1316. From the upper limb are emitted | ; 
ſtreams of light, either more or leſs, near one! 


another, or a few degrees diſtant, which are very 


bright and ſhining. Juſt as if ſome ſhining l. 
quor was ſquirted out of a fountain with the ut- Þ 


moſt violence. It is a jet of fire ſomething bright 


and fuming. Yet where it goes out of the limb! 
it is molt ſhining and contracted ; it becomes ra. 
rer and leſs ſhining and broader, the farther it! 


proceeds. A matter that is leſs ſhining, and like 


{moke, follows the brightneſs out of the fame | ; 
place of the limb. This is ſoon after followed | 


by a brighter, as if water were ſquirted out of a 
pipe of a fountain, with which now and then 
ſome air was interſperſed, which interrupted the 
equable ſhooting of the water. "This luminous 


matter 1s exploded with the moſt rapid velocity. | 
Sometimes a lucid column arifes out of a wider | 
aperture, ſlowly, with an equable motion, wider | 7? 
as it proceeds, continuous, not leaving the limb | 7? 
of the cloud. This continues for 10 or 20 fe- 
conds or more, and I have ſeen ſome continue 


for 4 or 5 minutes; but this is not uſual, as 
likewiſe thoſe ſtreams which adhere to the cloud 
with a wider vaſe, and mount upwards with 2 


ſharp point. There are alſo columns, which 3s | : 


ſoon as they have departed out of the limb are 
not ſeen, till after they have advanced a good 
way. Theſe do not adhere to. the limb, but 


ſeem to be produced from the ſerene air. Some 
columns ſtand perpendicular to the horizon, p- 


thers are oblique, others are arch-ways, others 


are 
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are brandiſhed as it were from the center of an 
orbicular cloud. They are of different lengths, 
ſometimes riſing only to 4 or 5 degrees from 
the brink of the cloud. If they ſhoot out with 
rapidity, they mount even to the zenith of the 


2 obſerver. If they are exploded with the utmoſt 
# rapidity, they go beyond the zenith, nay, even 
to the ſouthern horizon. They do not always 
2 aſcend to the zenith directly out of the cloud, 
but they are inclined ſide-ways, eſpecially if an 
illuminated cloud 1s ſuſpended in the middle be- 


tween the north and the eaſt, or weſt. The place 


was obſerved by Kircher at which the columns 
* concurred, which declined 29 degrees from the 


zenith towards the ſouth. The lucid columns 
contain a white light, reddiſh, or blood-colour. 


When they advance farther the colour ſometimes 


changes in their courſe, ſo as to reſemble the iris. 


1 When ſeveral that are emitted from different 
* coaſts of the limb meet one another in the ze- 


nith, they mingle together, the parts penetrating 
one another, or dividing, involving one another 
in every direction. Then they form a pretty 
thick cloud or miſt, which preſently taking fire 


on all fides, burn more furiouſly than before, and 


ſpread a light which is green, or blue, or purple. 
This immediately leaving it's place under the 
form of a bright cloud, betakes itſelf to the 
ſouthern coaſt of heaven. It has alſo been 
obſerved by Dr. Halley *, and Mairan *®, to be 


permanent for ſome time, and to affame the 


form of a ſpherical vault perforated in the 
middle. Sometimes new columns ſoon follow 
thoſe that went before, and which vaniſhed away 


* Philoſ, Tranſ. N. 347. 
> L'Hiſt, de Acad, Royal, An. 1726. 
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ſometimes it deſiſts for ſome minutes, as if the 
nouriſhment failed, before it produced new ones. 
The lucid columns are ſo thin, that ſtars of the 
firſt and ſecond magnitude ſhine through them. 
Fheſe may often be ſeen likewiſe through the 
white limb of the cloud; nay, they have been 
ſeen through the black cloud, though this but 
ſeldom. The columns often vaniſh or are diſſi- 
pated in the ſky, as it were inſenſibly, ſo that it 
continues to be clear towards the ſouth. Yet 
ſometimes in thoſe places, where the columns 
ſeem to have ceaſed, others break forth unex- 
pectedly. Sometimes they go off in little clouds, 
which are carried away from north to ſouth ; 
therefore after the meteor has-continued for ſome 


time, a great part of the ſky is filled with thin 


clouds. 


$. 1317. Sometimes from a cloud, the ſource 


of this light, a very thin ſhining matter is ex- 
ploded with great rapidity, though not to obſcure 
even ſtars of the ſixth magnitude. This matter 
is ſometimes ſhining, ſometimes extinct, as it 
were by equal fits, or as 1f it were propagat- 
ed like waves, that ſhined in deſcending, and 
opake as they aſcend. Is not this the capra /al- 
tans of the ancients ? I have ſeen this moving in 
a very broad tract, with a ſtrait direction, and 
carried far beyond the zenith. I have ſeen alſo 
little lucid clouds broke off from the limb of a 
ſhining cloud, carried from north to ſouth, with- 
out any ſtreams of light. | 

$. 1318. The flaſhing columns do not always 
ſeem to be propagated trom a cloud ; for it ſome- 
times happens, that the whole horizon ſeems 
ſhining with very bright light, and that out of 


this light every now and then ſhort lucid columns 
are projected, Perhaps then the cloud, which 1s 


the 
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low the horizon, or is ſo ſmall and thin, that it 
cannot be perceived by the eye. 

$. 1319. This meteor ſometimes continues for 
a whole night, nay it frequently appears for two, 
three, or more nights ſucceſſively. There are 
alſo auroræ of but a few minutes continuance. 

$. 1320, It is obſerved to 1 ſometimes in 
one place, when in the neig 
few miles diſtance, it is not ſeen at all. Some- 
times there is ſo great a quantity of it, that at 
the ſame time it may be ſeen almoſt over all 


Europe; as was the aurora borealis of the year 


1716, March 17. And that of 1726, Ofober 


19. Alſo that of 1729, November 16; which 
is very elegantly deſcribed by the learned Meid- 
ler *, Yet in different countries it is to be ſeen 
with very different circumſtances. 

$. 1321. The cloud which is the ſource of the 
aurora borealis very often continues unchanged 
for many hours, nor does it aſcend higher above 
the horizon, or deſcend lower. Yet ſometimes 
it moves a little from the north towards the eaſt 
or welt, Nay ſometimes it dilates itſelf both 
ways, and then emits ſeveral columns from every 
part. It has alſo been obſerved to aſcend above 
the horizon, and to be converted into a white 
ſhining cloud. But in Lapland and Moſcovy this 
aurora is ſeen with other phenomena, and poſ- 
ſeſſes as well the ſouthern quarter of the heaven 
as the northern; as the moſt induſtrious Mr. 
de Maupertuis has obſerved *, as likewiſe Mr. 
Delifle © 


« Commentario de Aurora Boreali. 
> Figure de la Terre. 
© Memoires pour ſervir, &c. 


§. 1322, 


the ſource of the light, is ſuſpended a little be- 


bourhood, at but 


285 


— —— 
— qt AD 


* p - — —ę—e — — 
2 - -— —_ — — — 


3 


---The ELEMENTS of 


F. 1322. This aurora has been obſerved when 
the ſky was every where ſerene and blue, except- 
ing towards the north, or only here and there 
with ſome clouds. I never ſaw an aurora when 
the heaven was quite covered with clouds ; but 
after it had ſhined out, in a ſhort time clouds 
covered the whole ſky. It appears alſo when the 
wind is quite ſtill, or only makes it's firſt impe- 
tus. It is leſs frequent when the ſecond impetus 
blows, and ſeldom or never when it blows a 
ſtorm. Yet I ſaw it March 3o, 1728, and De- 
cember 23, 1733, when the wind was of the 
fourth degree, which I reckon the moſt rapid. I 
have obſerved auroras to ſhine when the wind 
blew from every quarter. And they have been 
ſeen at Utrecht at all ſeaſons of the year. 

$. 1323, Likewiſe all kinds of winds, mild 


and vehement, have preceded theſe auroras in- 


differently. Cold and hot ſeaſons, moiſt and dry. 
So that we can make no preſage from hence of 


their coming. The ſeaſons alſo that followed“ 
have been fair and rainy, the winds of all kinds, Þ 


mild and ſtrong ; heat and cold; for they 


bring no certain change to the atmoſphere, nor! 
any diſeaſes, nor are they any cauſe of a hard } 
winter, ſince very mild ones have followed them. | 
Nor do they forbode any dire calamities, as Bo- | 


ſelline has judiciouſly proved. 


§. 1324. That the aurora borealis is within | 


the earth's atmoſphere may be hence proved. 


Firſt, becauſe it appears in the form of a cloud, |? 


which is like the other clouds of the atmoſphere. 


Secondly, becauſe the flaſhing cloud often con- | 


tinues at the ſame height aboye the horizon for 
the ſpace of many hours, nay days, and therefore 
revolves about the earth's axis together with the 


earth and the reſt of the atmoſphere. And laſtly, | 
becaule 
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| ö becauſe the aurora is not, often ſeen at the ſame I 
time in two different places, though thoſe places i 
are not far aſunder. 
$. 1325. How high it is above the ſurface of the | 
earth no one as yet has been able to determine; | 
though very good mathematicians have begun to 0 i 
deliver rules for that purpoſe*, For it is not — 14 
certain that it is the ſame light, or in the ſame 5 1 
place; particularly that that ſhone over all Eu- ö 
rope, and was obſerved in the years 1716, 1726, | 
1729; ſo that from the height of the flaſhing { 
cloud, obſerved at different places, the parallax þ 
may be ſecurely determined, and thence the ele- if 
> vation. 1 
F. 1326. The matter of the aurora is of ſuch a 11 
nature, as to be ſet on fire, and when inflamed | 4 
can ſhine with a faint light, and continue to be ; 
rare: For the ſtars may be ſeen through it. But | Jy 
who can pretend to aſſign it's nature and proper- | | 
1 
f | 
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ties, without great raſhneſs ? Chemiſtry ſupplies 9 
us with ſpecimens of inflammable and phoſpho- 43 
rean matter, that are almoſt innumerable “; and Ns. 
nature has ſhut up in the bowels of the earth ; 
many others of different kinds, which art has 114.48 
not yet arrived at. This matter ſeems to expire \ 1 
out of the northern quarter of the earth, more 1 
plentifully now than before the year 1716; becauſe 
it's nutriment may have found it's way by means | 
of an earthquake. And this being conſumed, theſe | 
| 
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auroræ will ceaſe perhaps for many ages. This 
perſpired matter aſcends on high, compoſing one 
or more clouds, which are carried over various 4 
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Comment. Petropol. T. I. p. 365. L'Hiſt. de l' Acad. 
Roy. An. 1731. 
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regions, nor is it inflamed till it meets with other 


matter, from hence ariſes a hot and ignivomous 
efferveſcence, of which kind many have been 
diſcovered by art in our times. If therefore 
cloud conſiſting of the matter of the aurora be 


carried by means of a northerly wind, from the 
north, which 1s as it were it's native country, to 
other diſtant regions, where it meets with exha. 


lations diſperſed through the air with which it 
can raiſe an efferveſcence, it will be inflamed in 


that part where it meets the exhalations, that i; 


in the ſouthern part. So that by a ſpectator Þ 


placed to the ſouth it will be ſeen to burn, and 


in reſpect of him the light will be in the north. : 


ern coaſt, and the phenomenon to the north 
of him. And becauſe exhalations are not in. 


flamed till they are ſomething mingled with one Þ N 


another, and the cloud on the northern ſide being 
extended in a long tract, gives more reſiſtance 
than on the ſouthern ſide, in the ſuperficics of 


which, at leaſt in it's anterior part, the permiſtion | 


happened, the exploſion of the efferveſcent and 


inflamed matter will be on this ſide, and there. 


fore from north to ſouth with various directions, 


now upward perpendicularly, now parallel to the | 
horizon, now below paralleliſm. Hence from | 
the matter burſting forth, and making way for | 
itſelf, columns or lucid ftreams will ſhew them- F 
felves, having a various ſituation in reſpect to 
the horizon, with directions towards the zenith 
of the ſpectator. And as exhalations of an-! 
ther kind ſhall mingle with the efferveſcent ones, 7 
the colour of the ſtreams will be different. Now Þ7 
they will exhibit white light, now that of a ro'y 7 
colour, now red, now yellowiſh. And may corte 
an auroriferous cloud continue immoveable ir, 


ſome time, in reſpect of the horizon, if it 


I urge 
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urged with equal force from north towards the 
ſouth, as that with which the airy. exhalations, 
by means of a ſoutherly wind are drove towards 
it? Many of it's phenomena ſeem thus to- be 
eaſily explicable, from ſources which perhaps will 
not be far from the truth. That excellent ma- 
thematician Mairan has very well explained- in 
his moſt elaborate work many other things relat- 
ing to the aurora, But they that have recourſe 
only to ſulphur and nitre, as the cauſes of au- 
rore, do not ſeem ſufficiently to attend to the 


J very different inflammable matters with which 


the atmoſphere is repleniſhed. "Theſe when in- 


* flamed excite phenomena that are different from 


thoſe of ſulphur ; for the flame of this differs 


N very much from the light of the aurora. Again, 


why ſhould not the aurore be as frequent to- 


4 wards the ſouth, as now they happen towards 
the north, ſince Italy and the ſouthern countries, 
2 as alſo the burning mountains, expire much ſul- 


phur ? But hitherto in Holland, Germany, and 


France, very few aurore have been ſeen towards 
the ſouth, and much fewer in Lapland and Muſ- 
cody. Yet they appeared in the years 1704 *, 
1734, and 1741. It will be better to attend 
= diligently to the aurore ; for perhaps the matter 
© itſelf, at ſome time or other falling from the 
ſky, may afford an opportunity of examination, 
dor art may prepare ſomething like it, by which 
it may be known; or it's native place may be 
2 diſcovered in the ſuperficies of the earth. The 
lake Meter in Sweden ſends forth a matter not 
much unlike it ©, 


* L'Hift, de l' Acad. Royal. A. 1705. 
> Weidler. de Metcor. lucid, ſing. 
© Philof. Tranſ. No. 298. 
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289 


The ELEMENTS T) 


§. 1327. A fmall fiery ball, ſhining with a 
bright light, is often ſeen to move through the 
atmoſphere in a clear ſky, nay and to fall down 
upon'the earth. As this in it's apparent magni- 
tude ſeems to reſemble a ſtar, it is called a falling 
ftar, or a ſhooting ſtar, It is generally obſerved 
in ſpring and autumn, and only by night, be- 
cauſe in the day-time 1t 1s obſcured by the greater 
light of the day. For it 1s very probable, that 
there are not fewer that fall by day than by 
night“. When the place is found where it fel], 
the matter that remains 1s ſtiff and clammy, white 


inclining to yellow, marked with ſmall black 
ſpots, and has loſt all it's inflammable ſubſtance, Þ ? 


as Fludd and Bruſſeus have taken notice d. This 


fire runs through thoſe tracts of the atmoſphere, Þ g 


in which the inflammable matter floats and ad-! 
heres. This kind of ſtars may be imitated by Þ 7 


art, if we make up in form of a ball camphire Þ 7 


with nitre and earthy mud, macerated with wine 


or it's ſpirit. This ball ſet on fire, and thrown F EF 
up into the air, will perfectly reſemble a falling! 
ſtar, with a like remaining tenacious dreg. Such! 


productions as theſe, and other like inflammable 
ſubſtances, are to be found in the atmoſphere. 


§. 1328. Certain ſmall flames, which in a tem- f 


peſt at fea adhere to the maſts, ropes, or other a 
extant parts of ſhips, are called Caſtor and Pollu. Þ* 


Sometimes one, two, or more are obſerved together. Þ f. 

Sailors tell us, they are little ſhining fiſhes, which! 
are toſſed up by the waves with the foam of the“ 
ſea, and adhere to all the prominent parts of the Þ 2? 


ſhip, which there ſhine as long as they continue 


alive. It is a mere fable that one of them alone is Þ 7? 


* Gaſlend. Phyſ. F. z. 1. 3. c. 7. 
d Gaſſend. I. c. 


a bal 


ad 


| 


NATURAL PHILOSOPHY. 


a bad omen, but that two of theſe little flames are 
good ſigns, and denote that the ſtorm will ſoon 
ceale'*. | 

$. 1329. Wandering fires, or ignes fatui, are of 
a round figure, in bigneſs like the flame of a 
candle, but ſometimes broader, and like bundles 
of twigs ſet' on fire. They ſometimes give a 
brighter hight than that of a wax candle, at other 
times more obſcure, and of a purple colour. 
When viewed near at hand they ſhine leſs than at 
a diſtance. They wander about in the air, not far 
from the ſurface of the earth, and are more fre- 


quent in places that are unctuous, muddy, marſhy, 
and abounding with reeds. They haunt burying 
> places, places of execution, dunghills. They 

> commonly appear in ſummer, and at the begin- 
ning of autumn. But in the country about Bo- 
= zona they are ſeen throughout the whole year in 
a a dark night. For there in a cold winter, and 
2 when the ground is covered with ſnow, they are 
in greater plenty than in the hotteſt ſummer. 
Thoſe alſo are obſerved in winter, which Gaſſen- 
dus ſays are ſeen at Rogon, a town of Provence. 


They appear more frequently in hot than in cold 


countries. In Italy near Bononia are the greateſt 
and in greateſt plenty ©. Sometimes they vaniſh 


on a ſudden, and preſently ſhine out in another 


place. They are generally at the height of about 
ix feet from the ground. Now they dilate them- 
ſelves, and now contract. Now they go on like 
Waves, and rain as it were ſparks of fire, but 
they burn nothing. They follow thoſe that run 


away, and fly from thoſe that follow them. 


Some that have been catched were obſerved to 


* Plin. Nat. Hiſt. I. 2. Cc. 37. Cardan. de Subtil. I. 2. p. 69. 
o Phyſic. I. z. 6. 3. c. 7. | 
© Philof. Tranſ. N. 411. 


U 2 | conſiſt 
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conſiſt of a ſhining, viſcous, and gelatinous mat- 
ter, like the ſpawn of frogs, not hot or burning, 
but only ſhining ; ſo that the matter ſeems to be 
phoſphorous, prepared and raiſed from putrified 

lants or carcaſſes by the heat of the ſun 3 which 
is condenſed by the cold of the evening, and then 


ſhines. Yet I do not think that the matter of 


all is the ſame, for without doubt thoſe of Bono. 
nia differ from thoſe of Holland. It is a mere 
fiction that theſe fires are evil ſpirits, or wander. 
ing ghoſts, miſleading travellers out of mere 


ſpite, to plunge them into ditches and bogs, z 


tome trifling Philoſophers have told us. 


Hither is to be referred another kind of wan- Þ © 


dering fires, which I call incendiaries, becauſe they 
not only ſhine like the former, but alſo burn, and 


ſet fire to ſtubble, ſtraw, thatch, and houſes them- Þ 2 


ſelves, ſuch as were formerly in Germany *, and in 


our time in Sv:/zerland *, and in Taye. Theſe Þ $ 
_ ſometimes were of a round figure, and of a diſk Þ 


like the moon, ſometimes like a rope, and noy 
like a ſmall ſickle; ſome ſtand ſtill, others move 
with any direction, ſometimes ſlow and ſometime 


quick, but not ſwifter than a man can run. They | 
were obſerved by the ingenious Rzpa in the Tre-| 


viſan, and are well deſcribed by him. 


$. 1330. That is called a /ambent fire, which] | 
ſometimes has been ſeen to adhere to the hairs it 


children 5, and adult perſons ©, and to the mane 


of horſes ; eſpecially when their manes are comb- 


ed. Theſe fires are nothing elſe but a real 


phoſphorus, ſuch as art prepares from the pars? 


* Tacit. I. 13. Annal. 

> Kaſchubii Elem. Phyl. 

v Ripa Diſſert. Meteor, 

* Livius, I. 1. cap. 39. Virgil. ZAneid. l. 2. 


* Cardan. I. 8. c. 43. Variet. Act. Phyſ. Med. V. 3. O. | : 
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of animals, This expiring from the body toge- 
ther with the ſwear, adheres to the hair, the fore- 
* head, and other parts of the body ; andis inflamed 
by rubbing, the hair, as is done by combing it. 
And hence alſo the foul linen of ſweaty work- 

* men will ſhine by rubbing. Ir is alſo ſaid to ad- 
here to the iron point of a ſpear, when anointed 
* with unctuous matter *, or to darts; but perhaps 
* this is different from the former. It is only a 
* ſmall wandering flame, which being allured by 
© the oily matter with which the ſpear has been 
® anointed, applies itſelf to the ſpear, rather than 
paſs by it in the open air. 


$. 1331. Sometimes by night vaſt luminous 


tracts appear in the air, and are ſuddenly removed 
from one place to another, which an ignorant perſon 
would imagine to be a meteor. But this ariſes 
only from flies, which flying by companies in the 
= night-time, expire a phoſphorean light from all 
parts of their bodies; as has been obſerved by 


Scheucher in Haß, and is alſo confirmed by 
Millougbey and Ray. 


$. 1332. To the brighter meteors belong a 


© bolis, thunder, and lightning. 


We call a bolis a great fiery ball, ſwiftly hur- 


ried through the air, and generally drawing a tail 
gafter it. Aristotle calls it capra. 
often been immenſe balls of this kind; for the 
Sancients tell us there have appeared ſome as big 
Fas the moon ©. Gaſſendus himſelf ſaw one, whoſe 
diameter was as big again as that of the moon “. 
This meteor he calls fax. In the year 1686, at 


There have 


* Senec. Q. N. 1.1. c. 1. 
® Plin. I. 2. c. 37. 


© Senecn, Q. N. I 1. e. t. 
4 Phyſ. 1 21 & C. 7. 
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Leipſic, Kirchius ſaw ſuch a bolis, whoſe diame- 
ter almoſt equalled the moon's femidiameter, 
which illuminated the earth ſo ſtrongly by night, 
that a man might read by it without a can- 
dle, and it vaniſhed by degrees. It was alſo 
{een in the town of Schlers, eleven German miles 
from Leipfick. Hence it may be concluded, that 
this ball had an elevation of fix of our miles at 
leaſt. If the length of a mile be 12000 feet, 
the diameter of this burning ball will be 335 
feet; but according to the calculation of other 


it was as big again. The Bolis obſerved at Þ 


Bononia in the year 1719 by Balbus was much 


larger. It's diameter ſeemed to equal that | 
of the full moon, and was of a colour of burn- F 
ing camphire. It diffuſed a light around it as Þ * 
great as the ſun is uſed to do at his rifing, fo Þ © 


that the ſmalleſt things upon the ground might 


eaſily be ſeen. There appeared in it four gult ! 
caſting out ſmoke, and many little burning! 


flames upon the ball, which were emitted from 


it. It had a tail ſeven times as large as the ball] 


itſelf. It appeared from comparing the altitude 


which the ball ſeemed to have in different places,, 


that it was elevated above the ſurface of the earth 
not leſs than 16000 nor more than 20000 paces, 


and therefore it's diameter was equal to 3360 feet. : 
It ſcattered a ſtrong ſmell of ſulphur in thoſe þ 7? 
places it paſſed over, and burſt with no ſmall} ? 


noiſe. 


aſh- colour remains behind in the air ®. Some ad- 
vance forwards, ſome ſeem to ſtand ſtill for a time 


Comment. Bonon. p. 285. 
> Whilton of the Meteor, An. 1719. 


§. 1333. It ſometimes happens, that at the 4 
vaniſhing of this kind of balls a little cloud of an 
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in the ſame place of the atmoſphere, as thoſe. 


obſerved by Kirchius and Wolfius * , yet all theſe 
ſhined ſo clear, as much to exceed the light of 
the moon 1n their brightneſs. , 

$. 1334. Becauſe in thoſe places they paſs 
over, they leave the ſmell of ſulphur behind 
them, we make no doubt but that a bolts is a 
cloud conſiſting chiefly of ſulphureous and other 
inflammable exhalations ſet on fire by the ef- 
ferveſcence raiſed by meeting with other ex- 
halations. The fluid matter when on fire in 
the fluid air takes the figure of a globe. Some 
balls have been obſerved to reſt, when the 
inflammable exhalations have not been drove 
out of their place of tranquillity, where they 
were ſuſpended ; or when they have took 
their riſe at a diſtance from the ſpectator, and 


urged towards him, it could not be diſcerned, 
whether they ſtood ſtill or moved. Allo other 


balls have been obſerved to be carried with a very 
rapid velocity, which might be on two accounts. 


Firſt, becauſe inflammable matter was ſuſpended 


in that whole tract of air, through which the 


; bolis paſſed, which matter took fire ſucceſſively. 


As in a long train of gun-powder, the flame runs 


from one extreme to the other. Therefore the 


aſhes that remain after the fire reſemble a pale 


aſn- coloured tail, in the whole courſe deſcribed by 
the bolis. Or ſecondly, becauſe the burning ſul- 
phureous cloud, every way expanding itſelf, was 
oppoſed by the reſiſtance of other exhalations 


*2 floating in the air, with which by efferveſcence it 
took fire. Yet the firſt cauſe ſeems to me the 


* Ephemer. German. Cur. An. 1688. 
Acta Lipſica, An, 1708. p. 526. 
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more probable, becauſe theſe balls run over 


different countries for a vaſt length. The bright- 
neſs of the light proves, that the burning matter 
is very ſolid, ſo as to collect a great quantity of 
fire; ſuch is that of ſulphur, of the oils from 
vegetables, with other earthly mixtures, perhaps 
with ſalts. For the white colour of the flame 
evidently ſhews, that it is not pure ſulphur that 
burns. wo | 
F. 1335. The great light obſerved by Monta- 

narius, in the year 1676, was probably a kind of 
bolis, This Mathematician was then at Bononia, 
and it appeared to him as coming out of Dalmalia 
over the Adriatick ſea; a crackling noiſe was 
heard in thoſe places over which it was vertical. 
Moreover at Leghorn a ſound was heard like the 
ſhooting of guns; and after it had paſſed towards 
the Corfican ſea, a noiſe followed like the rattling 
of coaches over ſtone pavements. This light 
moved very ſwiſtly, no leſs than 160 Halian miles 
in a minute. 

§. 1336. Lightning is a great flame, very bright, 
extending every way to a great diſtance, ſuddenly 
darting upwards, and there ending, ſo that it is 
only momentaneous. 

§. 1337. It lightens as well when the ſky is 
clear, as when it is cloudy. Lightning very ſeldom 
happens but when ſome hot days have gone before. 
It lightens without thunder, yet generally this 
attends it. At Utrecht it hardly lightens three or 
four times a year, but there 1s thunder along with 
it. It ſeldom does any damage to things upon 
the earth, becauſe this fire is high in the air, to 
which place it is commonly confined. 

$. 1338. The matter which produces the fire, 
is the oil of plants, attenuated by the heat of the 
day and raiſed on high. Then whatever 5 = 
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haled from the earth that is ſulphureous or oily, 
which is diſperſed up and down in the atmoſphere, 


and is not continuous, is ſet on fire by turns, and 
the flame dilates itſelf as far as the tract of that 


exhalation reaches. Some other ſubſtance pendent 


and floating in the air meets with this alſo, with 


which it excites an efferveſcence, takes fire, and 


flaſhes along with it. | | 

$. 1339. Thunder is a moſt bright flame, riſing 
on a ſudden, moving with great violence and with 
a very rapid velocity through the air according to 
any determination, upwards from the earth, ho- 
rizontally, obliquely, downwards, in a right line, 
or in ſeveral right lines, as it were in ſerpentine 
tracts, Joined at various angles, and commonly 
ending with a loud noiſe or ratling. ho 

$. 1340. It appears from obſervations taken at 
Utrecht, that every year it thunders there fifty 
times, taking them at a medium. It thunders often- 
eſt, and a like number of times, in the months of May 
and July, and three times oftner in theſe months 
than in April or September; and as often again as 
in June or Auguſt; for it thunders an equal num- 
ber of times in April and September, and as often 


in June as in Auguſt. It ſeldom thunders at any 


other time of the year but in the aforementioned 
months. It proceeds alſo from any quarter, the 
winds either then blowing or having blown be- 


fore. Moſt frequently when the ſouth wind blows, 
but leſs the eaſt wind blowing. With the ſame 
frequency, though ſomething leſs, when the 
louth-eaſt or weſt winds prevail ; moſt ſeldom of 
all when the north-eaſt, the north, or north-weſt 
winds blow. But theſe circumſtances are peculiar 
to that city and the neighbouring country ; for in 


other places different Obſervations obtain. 


§. 1341. 
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'F. 1341. Becauſe places that have been thunder. F | 


truck - ſmell of ſulphur, it can hardly be doubt- 
ed but that ſulphur is the principal inflam- 


mable matter that enters the compoſition. The | 


colour of the flame, and the crackling noiſe 


that follows the thunder, ſhew that it is not pure! 


ſulphur, but that there are other exhalations 
mingled with it, which being ſet on fire in the 
open air, are exploded with a craſh. Art ha 


diſcovered, that balſam of ſulphur is of the ſame Þ * 


nature, when agitated by too much fire in cloſe 
veſſels, and then caſt out. We know many 


things, that being fired in the open air are explod- f g 
Such are aurum fulminans, | 


ed with a bounce. 
orpiment with nitre and ſalt of tartar; diaphore- 
tick antimony with black foap *, pulvis fulminans, 
iron diſſolved in agua regia, and mingled with 


falt of tartar, lead diſſolved in fpirit of nitre, & 
and we know many other things, which ſet on 
fire in a cloſe place, flaſh with a noiſe, as gun-F 
powder, arſenick digeſted with fpirit of nitre, 
 Geofrey's ſpirit of nitre mingled with any diſtilled} 


oil; as allo all oils and ſpirits, which are forced 


by a too vehement fire in cloſe veſſels. Perhaps 1 


nature makes uſe of many other exhalations and 


4s, * LY * r 


inflammable ſubſtances mingled with ſulphur, toy 
perform the ſame effects; therefore all thunder 2 


will not be the fame, but very different in different 
countries. 


§. 1342. Almoſt every country exudes ſulphu. b 


reous ſteams out of itſelf into the atmoſphere, 


together with many other exhalations, which may 
enter the compoſition of thunder. Great plentj ? 
of ſalts float in the air, eſpecially the mazrix oi, 


nitre, which doubtleſs meet with ſulphureous and 


* L'Hiſt. de l' Acad. Roy. An. 1736, 
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other exhalations, which are mingled with 
them. What other exhalations muſt concur to 


the forming of thunder would be raſh to de- 
termine. Whatever they are in what follows, 


1 ſhall call them the matter of thunder. The 


tracts of this, although they fly about in the 


| atmoſphere in the form of exhalations, are as 
it were lines formed of gun-powder, the flame 
beginning at one end, follows only it's own ali- 
fin of fire, and runs through all the grains to 
l the other extremity, till the whole powder is fired. 


In hike manner the inflamed tracts of thunder, 
* which are ſuſpended in the air, flaſh with a flame 
that runs from one extreme to the other, where- 


ever the vein of nouriſhment leads it. Hence 


2 thoſe rays of thunder, which ſeem to be bran- 


© diſhed through the air, and ſometimes to be ſplit 
into two or more tracts, and ſometimes to return 
back, at other times to be projected in lines that are 
joined by various angles; and this only becauſe 
the flame meets with tracts lying in various ſitua- 
tions that cohere with one another. Therefore 
thunder ſeems now to run horizontally, now 


from above downwards, now upwards from the 
earth. For if the matter of thunder perſpiring 
out of the earth is inflamed near the ground, the 
flame darting upwards, the thunder will ſcem to 


be projected out of the earth. If the ſame tract 


were ſet on fire at it's upper end, the flame will 
move downwards, and the thunder will ſeem to 
deſcend out of the ſky. 


F. 1343. Wherefore thunder will be obſerved 


2 chiefly in thoſe places, where the fulmineous mat- 


ter expires out of the ground. Yet this when 


expired, by means of the wind, may be trans- 
7 ferred to other countries, and there take fire. 
X Hence it thunders in ſome places oftener than 


in 
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in others, but moſt frequently in thoſe the ſoil of 
which is parched by the hot fun, and which ex- 
hale various oils and plenty of ſulphur. And 
ſeldomer in places, which within have neither 
Oils nor ſul Per, or in watry, moiſt, and cold 
countries. In Egypt and Eibiopia it ſeldom thun- 
ders; in Sicily and Italy very frequently *. But 
why does it thunder in the midſt of the ocean? 
Becauſe from the bottom of the ocean vaſt tracts 
of ſulphureous matter are caſt up through the 
waters, as it happens to ſpring-waters in ſeveral 

laces, the waters of which will take fire from a 
ighted candle. For ſulphureous exhalations 
burſt out together with the waters. The fulmi- 
neous matter in the air is ſet on fire, when it 
meets with exhalations or vapours, with which it 
can excite a vehement efferveſcence. | 

F. 1344. Becauſe in theſe countries the exterior 
cortex of the earth 1s conſtringed by the winter's 
cold, ſnow, and ice; ſulphur cannot perſpire 
much from the inner parts of the earth in winter 
time, or any other fulmineous matter. Hence 
with us in winter it ſeldom or never thunders. 
But as ſoon as the earth begins to be opened by 
the ſun in the ſpring, ſomething expires in the 
month of April, which takes fire. But by the 
greater heat of the ſun penetrating deeper into 
the earth, the cortex is more opened in May, 
and now there is a more copious expiration of the 
fulminating matter ; and whatever was collected 
and ſhut up in winter is now releaſed, and is 
inatched up into the air, and thence proceeds the 


moſt frequent thunder in the month of May, and | | 


-*/Plin. I. 2. cap. 51. 


Comment. Bonon. p. 119. Lucretius, lib. 6. Philoſ. 
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chiefly when a very hot day or two has gone be- 
fore. A leſs quantity of the ſame matter remains 
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in the upper cortex of the earth for the month of 
June, but in the mean time a new ſtock ariſes 


attenuated and prepared, ſo that by the very fer- 
vent heat of Jah it is elevated as it were in heaps, 
and ſet on fire. Hence thunder is as frequent 
in July as in May. And the heat then decreaſing 
in the ſucceeding months, the exhalation of the 
fulminating matter out of the earth is more 
ſparing, and thence alſo the thunder is leſs fre- 
quent; till in Oæober and the other winter months 


the earth is bound up with us, and hardly expires 
any more. Hence we fee why it very ſeldom 


thunders when the northerly winds blow; for 


2 theſe winds conſtringe the earth with their cold, 


and ſo hinder the fulminating matter from burſt- 
ing forth, or when they are burſt forth and float- 
ing in the air, they hinder their efferveſcency. 
But on the contrary when the warm and moiſt 


ſouth wind blows, which opens every thing, the 


earth likewiſe is opened, and abundant fulminat- 
ing matter is expired and aſcends on high, which 
is there eaſily inflamed. | 


$. 1345. The flame which begins at one end of 


the fulmineous tract, as it runs very ſwiftly 
through the whole tract, ſeems to carry along 


2 with it ſome parts, which it could not eaſily ſet 


on fire. When it has accumulated theſe in a 
good quantity, and in the mean time very much 


heated them, fo as to cauſe them to burn likewiſe 
with the other matter; then being ſet on fire they 


are diſploded with a ſudden and great violence; 
thus that great crackling noiſe is made which we 


I call a thunder-clap for after the thunder or fafl:- 


3 ng 


out of the deeper bowels of the earth, which is 
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ing is ceaſed, the thunder-clap immediately fol 


lows. 


$. 1346. Does not that accumulated fulmineouʒ 
matter, not yet all on fire becauſe of it's quan- 
tity, form thoſe fiery balls, which have been ob. 
ſerved to fall out of the ſky by their own gravity, 
in places that have been thunder-ſtruck ? Haye 
not theſe been afterwards ſo heated, as ſuddenly 
to have taken fire through their whole ſubſtance, 


and by their diſploſion to have committed great 


ravage, and have been the occaſion of great de 
ſtruction and deſolation * ? This ſeems probabl: 
to me, from the obſervations made by myſelf 


and others, Vet it muſt be confeſſed, that thee Þ © 


balls are not ſeen every time it thunders; for 


they are either too ſmall, or too far off, to be al Þ 


ways ſeen, and the matter of thunder is different 
from it. 


F. 1347. Though a thunder-clap is but ont 
ſingle ſound, yet it is often heard in the form of 


a great murmuring noiſe of a long continuance; 


ſometimes for 30 or 40 ſ{cconds, becauſe of its 
various repercuſſions ? by the clouds and terreſtraf 


obſtacles. Hence it is that in vales, which art 
ſurrounded by mountains of different height, 


there is a terrible and long-continued bellowing 
of thunder-claps ; whereas for one exploſion I 
has been obſerved that there is but one clap. It 


however if the flame ſets fire to two, three, or 
more fulmineous tracts, each of them at laſt wil 


end in a clap, and thus ſeveral ſounds may be heard} 


together, or quickly ſucceeding one another. 


® Philoſ. Tranſ. N. 316, 319, 336, 357, 390. Collect. 
Breſlau. An. 1717. p. 157. Miſcellan. Berol. Contin. 2. p. 


2. p. 114. Scheuchzer. Meteor. Helv. p. 24, &c. 
> Delile Memoir. Phytic. 
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j $. 1348. From this doctrine we may plainly 
| perceive, firſt, why it may fulminate and thun- 
der when the ſky is clear. Though this ſeldom 
. happens, and Lucretius denies it“; yet that it has 
1 happened is taken notice of by ſome of the ancients, 
„ as Homer b, Horace ©, Virgil *, Cicero“, Ovid", Alex. 
ve ab Alex. 8, Pliny*, Julius Obſeguens ; and among 
the moderns Scheucher. For the ſulphureous 
e, ü exhalations may always take fire, as ſoon as they 
at Þ © have burſt out of the earth, whether the ſky be 
— or cloudy. 

Secondly, it manifeſtly follows, that thunder 


and thunder-claps are not always generated in 
| the clouds, nor inhere in them, unleſs the ful- 
or © mineous exhalations aſcend thither alſo. For 
al © Maffeus and abbot Lionus have ſeen thunder 


to mount on high from the earth. The ancients 
without doubt have ſeen ſomething like it; for 
Seneca calls that infernal thunder, when the fire 
Zariſes out of the earth. The burning mountain 
Veſuvius has been ſeen to emit thunder “; and 
ſuch fires have broke out of mines. But 
lightning immediately following a thunder-clap, 
ſnhews that the noiſe is not in the clouds; 
but is excited in that place where the thunder 
Fceaſed, This is entirely confirmed by the tul- 
mineous ball, which by it's exploſion excites a 
—Fthunder-clap. 2 b 1 et 
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ard FP Odyſ. T. v. 112. i De Prodigiis, c. 83. 4.1 
Carminum, lib. 1. * Meteor. Helvet. p. 2. 1 
Seorgic. I. 1. Litter. Muff. ad Valiſner, 1 
De divinat. 1. 1. = Thar, Jn, . | 1 

leck. EF Faſtor. 1. 3. a Senec. Qu. Nat, I. 2. c. 49. þ 
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Thirdly, there are generally thick and black 


clouds produced in the ſky, which are agitats 


by various motives in all directions, before it be. 
gins to fulminate and thunder, as alſo during 
the tempeſt ; from whence we are uſed to derive 
ſome kind of preſage of thunder at hand. Bu 
theſe ariſe from the efferveſcency, when they 


meet with the fulmineous exhalations ; and hen © 


thoſe labours, as we may call them, of the air; 


while the particles of vapours ſcattered in iti 1 


interſtices are expelled and condenſed, they com. 
poſe thick and black clouds. As ſoon as the 
are more compreſſed to one another by the in. 


flamed thunder, they are thickned into hard ra, - 
which generally accompanies thunder and thun- 7 


der-claps. | 
Fourthly, but the repeated diſploſions of thun. 

der expel with great violence the air every when 

out of thoſe places, into which, as into a vacuun, 


other air immediately ruſhes. Hence thoſe f. 
rious winds and ſtorms, which go along with and! 


follow thunder. 


Fifthly, how is it that men and other anima 


when ſtruck with thunder, fall down dead and 


are killed without any token or mark of the} - 
thunder? Is it becauſe they are ſtupified by the 


dread of that terrible noiſe and fire, in the midi 
of which they find themſelves, and ſo loſe thei 
ſenſes, and then their lives alſo? Or becauſe they 


are ſuffocated by the ſpirit of the burning ful-Þ? 
phur, which is a mortal poiſon to all animab? !? 
Or becauſe the exploded thunder forces the at; 
out of that place, or deſtroys it's elaſticity *, o 
that the animals are left in vacuo, or in air that ß 


2 Hales's vegetable Staticks, p. 227, 


not? 
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not fit for reſpiration ? Perhaps all theſe three 
* cauſes concur together, or every one in particular 
may be fatal. Sometimes animals that are thun- 
der- ſtruck have deadly wounds and contuſions, 
which are conſpicuous, and then the cauſe of 
their death is manifeſt. 


Laſtly, ſince therefore thunder is a real flame 


of the burning fulmineous matter, it is not at all 
to be wondered, that it ſhould ſet on fire any 
* combuſtible bodies it meets in it's way. That it 
2 ſhould melt metals, that it ſhould rend, beat 
down, pull up, and cleave bodies of any reſiſt- 
* ance. And ſince moſt ſubtile exhalations aſcend- 
ing out of the earth can eaſily penetrate through 
wood, bricks, and walls; it is alſo plain why 
thunder has been ſeen to run through roofs, par- 
© titions, Aloors, and cielings of houſes, becauſe the 
fulmineous tract of exhalations had run that way 
before. But many more things may be eaſily 
explained from the premiſes, ſuch as theſe. How 
from ſeeing the flaſh, and from the time between 
to the hearing of the clap, it may be known how 
far we are diſtant from the place of the exploſion 
of the thunder. See F. 1151. Why there is the 
Zutmoſt danger, when the clap is heard at the 
ſame time as the light or thunder is ſeen, Why 
when the noiſe of thunder is vehement, a 
trembling ſeizes houſes and moſt other bodies. 
See F. 1168, 1169. Why ſome fluids ferment 
Tat the time of thunder, and others ceaſe to fer- 
ment, which before were in fermentation. Why 
many are corrupted by thunder, though laid up 
in cellars. How thunder may be diverted to 
another place, and in ſome meaſure prevented by 
the ſound of many great bells, as alſo by the 
diſcharging of great guns. Though at another 


4 time it appears, that the ringing of bells had 


Vor. II. X no 
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no effect. The very learned Richterus has treat. 
ed of this ſubject in a moſt elegant manner, in 
his diſcourſe of the origin of thunder. 

F. 1349. The uſe of thunder and thunder. 
claps is firſt to purify the air from ſulphureoꝝ 
and oily exhalations by it's inflammations; by 
attenuating and changing the exhalations, by fir. 
ing them, that they may not be injurious to th: 
lite and health of animals, but rather may be be. 
neficial to them, as alſo to the vegetation 
plants. Therefore the rain that falls at that tim, 
and carries with it the burned parts of the ful. 
mineous matter, is thought to be more fertile ! 
than any other rain. Secondly, thunder mode 
rates the heat of the atmoſphere ; for 1t has al 
ways been obſerved, that cold follows in a fen 
hours after. Before it thunders the air is alway 

in an efferveſcency, and is hot; but when the 
thunder is conſumed, the efferveſcency is appeaſer, 
and hence proceeds coldneſs. Though this ſeems} 
alſo to be occaſioned by the ſpirit of nitre, | 
duced by the burning of nitre and ſulphur. 8 
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EET ME 
Of airy Meteors, or of Winds. 


$. 1350. S often as any tract of air move 
from the place it is in, to an 
other, with an impetus that is ſenſible to uw} 
it makes what we call a wind. Wherefore it ws} 
not ill ſaid by the ancients, a ſwifter courſe of air; 
a flowing wave of air; a flux, effuſion, or Sreany 
of air. 
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Therefore the wind does not conſiſt of mere 
vapours, or exhalations, or of a certain ſpecifick 


' ſubſtance, of blind and obſcure bodies *, of cold 


breathings of the earth, different from the air, 
as many Philoſophers have imagined ; but it is a 
part of the atmoſphere, with all it's contents, re- 
moved from one place to another. Whatever 
therefore drives the air forwards, raiſes a wind. 
Therefore whether vapours, exhalations, or what- 
ever elſe is in the air, and are moved forwards, 


| the air itſelf being very moveable which they 


meet with, will alſo move. 
$. 1351. If an inhabitant of the earth con- 


* ceives himſelf as placed in the middle of his ho- 


rizon, in reſpect of him the air may move 


| upwards, downwards, with all degrees of ob- 


liquity ; alſo horizontally with infinitely different 


directions, as from the center of a circle radii 
* may be drawn to every point of the circumfe- 
* rence. Therefore the winds may have very dif- 


ferent directions to each other. As Mathemati- 


cians have divided the circumference of a circle 


into a determinate number of parts, ſo likewiſe 
par- 
ticularly for the uſe of mariners, the moderns 
have thought 32 coaſts or points to be ſufficient. 
But ſome of the ancients only made 6 *, others 


8, as Andronicus Cyrrheſtes ; Ariſtotle made 10 9, 


2 others 12 with Varro ©, others 245, but not fo 


conveniently. Since in our age we have made 


a new diviſion, the ancient names do not agree 


* Lucret. Lib. 1. v. 278. 
b Cicero de Divinat. C. 6; 
ks Strabo, Lib. 1. : 
. 
2 Senec. Qu. N. I. 5. c. 16. 
Vun. I. 1. e. 6; -- 
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with the modern direction of the winds, which 


yet Kircher has endeavoured to accommodate 
to them *. Therefore that no controverſy may 
ariſe about the name, we according to our obſer- 
vations have chiefly attended to 8 points, and 


thus call them. The wind blowing from the 


equinoctial ſun-ſet, is Favonius, or the weſt-wind 
from the winter ſetting, is Africus, or ſouth-weſt; 


that blowing from the meridian, is Auſter, or the 


ſouth ; from the winter ſun-riſing, is Eurus, or 
ſouth-eaſt ; from the equinoctial-riſing, is Sub/ola- 
nus, or eaſt ; from the ſolſtitial-riſing, is Aquilo, 
or north-eaſt ; from the ſeven ſtars is Septentrio, 
or north; from the ſolſtitial-ſetting is Corus, or 
north-weſt. Therefore we conceive the winds 
as coming from another place to our own, but 
the point to be extended from our place to ano- 
ther. 

$. 1352. The winds are conveniently divided, 
firſt, into general and conſtant, ſecondly, anni- 
verſary, thirdly, marine and terreſtrial, fourthly, 
free or wandering, having no ſettled courſe. 

$. 1353. A general wind blows between the 


tropicks of Cancer and Capricorn, or ſomething 


wider, upon the Atlantick, Ethiopick, Pacifick, and 
part of the Indian ocean. In other regions of 
the earth are anniverſary winds ; and in thoſe 
countries that lye without the zropicks, the free 
winds are obſerved. The hiſtory of the general 
wind has been delivered very well by the learned 
Halley *, and by Dampier ©, whom as guides we 
ſhall here follow. But for a clearer underſtand- 


ing of them it may be neceſſary to inſpect Tab. 


* Ars Magn. l, 2. par. 6. 
> Philoſ. Tranſ. N. 183. 
* Traite des Vents, 
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the courſe of the wind. 

1354. In the Atlantick and Ethiopick ocean, be- 
tween the two tropicks, or a little beyond them, | 
through the whole ſpace of the year the eaſt in 
wind blows, yet ſo, as that here it ſeems to come 
partly from ſome northern point, and there from | 

* a ſouthern point. 1 
PFor firſt, as ſoon as the ſailor has paſſed by 1 
the Canary iſlands, about the 28th degree of 11 
northern latitude, they find a north-eaſt wind, N 
* which ſeldom inclines much farther to the north, 17 
; 4 at ſome times it approaches nearer to the 4 
| Call, | 
* Secondly, they that go to the Caribbee iſlands 11 
| find this north- eaſt wind to incline nearer to the ' Fi 
eaſt, the more they approach towards America ; 
ſo that ſometimes it changes into a true eaſt- 
wind ; nay, ſometimes inclining to ſouth-eaſt, 
Yet often it ſomething verges to north-eaſt, and 
preſently blows more mildly. 

Thirdly, the limits of this wind extends wider 
towards the ſhores of America, than Africa ; for 
on the American ſhores they reach as far as 3o or 
32 degrees. Alſo on the ſouthern coaſts of Ame- 
rica they have found the general wind to extend 
farther, than at the promontory of Africa, called 
the Cape of Good Hope. 

Fourthly, in the northern latitude of 4 de- 
grees, as far as 28 degrees of ſouthern latitude, 
the ſouth-eaſt wind always blows, ſometimes ap- 
| proaching to the eaſt. But near Africa it always 
blows more ſoutherly than near the coaſts of 
Brafil ; for the nearer it comes to theſe, ſo much 
the more it verges to the caſt. 

Fifthly, theſe winds undergo ſome change ac- 
cording to the different ſealon of the year, and 
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they follow the ſun, For when the ſun is be- 
tween the tropick of Cancer and the Equator, the 


north-eaſt blowing in the northern part of the 


earth, approaches nearer to the eaſt. And the 
ſouth-eaſt, which blows upon the Ethiopick ſea, 
then comes nearer to the ſouth. On the other 
hand, when the ſun diſpenſes his copious light to 
the ſouthern hemiſphere of the earth, the north- 
eaſt winds in the Atlantick ocean become ſome- 
thing more northerly. And the ſouth-eaſt in the 
Ethiopick ocean incline more to the caſt. = 

Sixthly, but here it muſt be obſerved, that the 
ſouth-wind blows about the coaſts of Africa, that 
And at the 
diſtance of 100 leagues from the coaſts of Guinea, 
the ſouth-eaſt is changed into fouth. And farther 
from the ſhores of this country, the ſouth is 
changed into ſouth-weſt. About the ſhores of 
Nigritania the north-eaſt is changed into north- 
weſt. 

Laſtly, on the northern ſide of the equator, 
between the 4th and 1oth degrees of latitude, 
and between the meridians which comprehend the 
iſlands of the Heſperides, there is a part of the 
ocean in which thunders, ſhowers, ſtorms, and 
calms, have dominion, which ſucceed one another 
very ſuddenly, winds often blowing at the ſame 
time which have all manner of directions. All 
theſe things will be beſt apprehended from an 
inſpection of Tab. 9. | 

. 1355. The ſun is the cauſe of this general 
wind, the action of which we ſhall clearly con- 
ceive, if we ſuppoſe him firſt to be in the eg 
tor. When he is directly over any place of the 
equator, he heats and rarifies the air vehemently, 
and gives it greater force, Hence it expands it- 


ſelf every way, and aſcending upwards mounts 


I above 
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above the reſt of the atmoſphere, and flows about 
laterally by the law of gravitation. Hence the 
hot and rarified column that remains, prefently 
becomes ſhorter, and with leſs force reſiſts the 
neighbouring columns, which then by their den- 
fity and weight, and alſo by the over balance 
from the air preſſing from above, move to the 
middle heated air. In the mean time the ſun 
advances from eaſt to weſt, or rather the earth 
with a contrary motion, which in this caſe 
is the ſame thing, if we do but conſider the air 
which grows hot ſucceſſively. Therefore there 
muſt be a region in ſome longitude, in which 
from eaſt towards the welt the air reſiſts with leſs 
force, than that which urges and preſſes on both 
ſides. Wherefore being ſqueezed here on both 
ſides to a place leſs reſiſting, it will be carried 


by a double direction. That which is in the 
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northern hemiſphere of the earth will be carried 
by a compound direction from caſt to weſt, for a 
motion backwards: And by a direction from the 
north towards the equator. Such a compound 
direction will produce a north-eaſt wind. That 
which is in the ſouthern hemiſphere of the earth 
will move with a direction from eaſt to weſt, and 
ſideways with a direction from the ſouth towards 
the equator. Hence there will be a compound 
motion, by which the wind will be produced, 
which is called ſouth-eaſt. Becauſe the heat 
by means of the ſun is ſucceſſive, nor ſudden or 
with vehemence, a wind ſo raifed from eaſt to- 
wards the weſt will not be impetuous, but will 
go on with an equable tenor. It will begin 
where the air is not hindered from approaching 
ſideways by mountains, woods, or other impedi- 
ments; and therefore an eaſterly wind will begin 
in places of the ocean which are ſomething re- 
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mote from ſhores. As it is obſerved to ariſe at 
the diſtance of almoſt 100 leagues from the coaſt 
of Africa. As ſoon as this wind begins to ap- 
proach to the coaſts of America, mountains op- 
ſe it's courſe ; and therefore ſailors obſerve, 
that it blows ſo much the more gently, as they 
are nearer. to America, This obſtacle of moun- 
tains is the cauſe, that it is expanded ſomething 
wider on the coaſts of America, than it began to 
do near Africa. 
| Now let us go along with the ſun as he illumi- 
nates the northern hemiſphere of the earth, and 
as he inflects his courſe from the equator towards 
the north pole. Then the atmoſphere which 
impends over the Atlantick ocean, being heated 
by the rays of the ſun directly, would have been 
the cauſe of an eaſt wind. Therefore becauſe of 
the lateral appulſe of the air, the north-eaſt wind 
that blew before now inclines ſomething nearer 
to a due eaſt. But the air that impends over the 
ſouthern Ethiopick ocean, and is now become 
colder than when the ſun was in the equator, and 
therefore denſer, will be urged with a greater la- 
teral force towards the heated air, and by a mo- 
tion, which 15 more to the ſouth, will be the 
cauſe of changing the ſouth-eaſt into a ſouth- 
wind, | 
As the ſun returns from the tropick of cancer 
to the equator, by degrees the north-eaſt-and-by- 
eaſt wind of the Allantick ſea will be changed 
into a true north-eaſt, becauſe of the lateral afflux 
of the air to thoſe places, in which the ſun 1s 
vertical. And the ſouth wind of the Ethiopict 
ocean by degrees will be changed into a ſouth- 
eaſt, Till the ſun paſſing over the ſouthern he— 
miſphere of the earth, this ſouth-eaſt inclines 
more to an eaſt. And the north-eaſt of 17 Ai. 
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lantick ſea tends a little more towards the north. 
All which things exactly agree with the foregoing 
obſervations. 

But an eaſterly wind here remains, between 
the two tropicks, or is extended a few degrees 
farther, that is, to the latitude of 28 or 3o de- 
grees on each ſide from the equator. Becauſe 
now the ſun darts his rays perpendicularly upon 
the land and the air, lying between the 7ropicks. 
But the adjacent lateral air for 4 or 5 degrees far- 
ther, is ſufficient to fill up the intermediate air, 
that is heated by the ſun; ſince it preſently re- 
ceives it ruſhing in from the upper part of 
the atmoſphere, which by it's quantity ſupplies 
whatever the other had loſt by expanding itſelf. 

$. 1350. It will be more difficult to aſſign the 
true reaſon of the ſoutherly winds, that blow near 
the ſhores of Caffaria, Angola, and Biafara. Alſo 
why not far from Guinea the winds are changed 
to weſt, or ſouth-weſt, as thoſe on the ſhores of 
Niegritania are changed into north-weſt. Perhaps 
theſe ariſe, becauſe the ſoil of Guinea and Biafara 
being very ſandy, is vehemently heated by the 
ſun, and retains it's heat a long time. Therefore 
the air that 1s over this hot ſoil is much rarified, 
aſcends and diſperſes itſelf ſideways on the ſuper- 
ficies of the atmoſphere. The lateral air which 
can molt freely approach to that which is over 
Guinea and Biafara, is that which incumbs on the 
ocean near the coaſts of Caffaria and Angola, and 
which therefore moving towards Guinea produces 
a ſouth wind. But the nearer it approaches to 
Biafara, ſo much the more it is determined to 
this region, and is changed into a fouth-welt. 
In a like manner part of the eaſterly wind in the 
tree ocean, not far from Guinea, becauſe of the 
ar of this region having much leſs reſiſtance, is 
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inverted, and by a contrary direction is drove to- 
wards the weſt, and alſo changed into a ſouth- 
weſt. The country of Nzgritana has it's foil not 
different from that of Guinea, and therefore the 
air of the Atlantick ocean will be determined to- 
wards theſe ſhores. Whence not a north-eaſt but 
a north-weſt will blow from the iſland Palma to 
the ſhores of Billedulgerid and Nigritania. 

$. 1357. We have before mentioned a place in 
the Atlantick ocean, between the north latitude of 
4 and 10 degrees, in which calms and ſtorms 
exert themſelves. It is here that there 1s an equi- 
librium between the general eaſtern wind, and 
the ſouth-weſt; tending to Guinea, and therefore 
here the air is at reſt. However ſince very fre— 
quent thunders and thunder-claps are obſerved 
here, the bottom of the ocean mult ſend forth 


a great quantity of bitumen, ſulphur, and fulmi- 


neous matter. This continually making an effer- 
veſcence and taking fire, will ſometimes raiſe a 


wind, now to this quarter and preſently to that, 


or that will blow to any quarter. At laſt the 
matter being exploded, the air will return to it's 
former tranquillity. 

In the mean time the clouds will be brought 
by the general wind to this place, and at the 
ſame time others raiſed from the Ezhiopick ocean 
ruſh hither, being driven by the ſouth-weſt wind. 
Others produced in the Atlantick ocean are here 
accumulated by the north-weſt wind. Where- 
fore the clouds here condenſed by theſe winds 
with oppoſite directions, will be ſqueezed into 
rain. This will be very hard when it falls, ſince 
the thunder ſhakes the clouds ſtill more vehe- 
mently, and forces them into cloſe heaps, which 
now become very heavy, nor can they any longer 
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it were by conſent. And thus ſhowers ſeem to 
fall as it were by pails-full from the ſky. 

$. 1358. About the coaſts of Brafi! ſome other 
irregularities are obſerved to obtain. For from 
the month of April and afterwards the ſouth-weſt 
wind blows. From the month of September and 
ſo on the north- eaſt wind blows. The ſhores of 
America, which are more ſouth than Braſil are 
much inflected towards the weſt. Therefore the 


' ſouth wind, which in the month of April blows 


| upon the Ethiopic ocean, is determined by the 


: coaſts of Braſil, by which it 1s kept in, ſo that it 
| is neceſſarily changed into a ſouth-weſt. But in 
the month of September the ſun impends perpen- 


dicularly over Braſil, and very much heats it's 


ſoil, and this the air; as in §. 1356, was ſaid to 
be done in Guinea. Wherefore the air will be 
determined hither from the cold northern parts 
of the earth, and a north-eaſt wind will be raiſed. 
Theſe are the chief circumſtances that concern 
the general wind of this ocean. 

$. 1359. From hence we imagine it follows 
plainly enough, that the eaſterly wind does not 
ariſe becauſe of the motion of the earth about 
it's own axis, and leaving the atmoſphere behind, 
as has by ſome been thought. Firſt, becauſe the 
general wind is not an eaſterly wind, but a ſouth- 
eaſterly or north-eaſterly, the direction of which 
is ſomething changed, according as the ſun va- 
ries his place in the ecliptick. Secondly, becauſe 
the velocity of this wind is much leſs than that 


of the rotation of the earth about it's axis; for 


this wind is no ſwifter than ſo as to run 8 or 10 
feet in a ſecond ; whereas the equator deſcribes 


1423 feet in the ſame time. Thirdly, the at- 


moſphere does not forſake the earth in it's annual 
Motion about the ſun, but each moves with the 
ſame 
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ſame velocity. Why then ſhould the earth leave 
it's atmoſphere behind, in it's diurnal motion ? 
No reaſon can be given for this. Fourthly, then 
alſo at the tops of mountains all over the earth 


an eaſt wind would blow, which is againſt obſer. ! 


vation. Laſtly, this opinion quite falls to the 


ground, becauſe other winds blow in the Indian 


ocean; of which I ſhall treat preſently, 
$. 1360. The ſame general wind reigns in the 
Pacifick ocean, as we have deſcribed in the . 


lantick and Ethiopick Oceans. For the north-caft Þ * 
wind blows upon the northern hemiſphere, and] 
the ſouth-eaſt upon the ſouthern hemiſphere, Þ 7 
Each wind is extended as far as 28 or 30 degree Þ 


on each ſide from the equator, Yet there are 
irregularities on. the weſtern coaſts of America, 
the weſterly winds blowing here. The reaſon 


muſt be derived from the ſoil being heated, and] 


thence the air rarified; in the ſame manner as we Þ © 


have ſaid —_ in F. 1356. 
§. 1361. In the Indian ocean there is a greater 


variety of winds. For in that there is a general Þ * 


wind, but there are periodical winds beſides, | | 
which for 6 months blow towards a certain quar- | 


ter, and as 1t were returning the next 6 months, 


move with a contrary direction. Theſe are called | Ji 


monſoons, or anniverſary winds ; and this is the 


nature of them. 


Firſt, within the ſouthern latitude of 30 and 


10 degrees, between the iſland of St. Laurence and 
New Holland, the ſouth-eaſt wind blows the whole | FP 


year round, which yet ſometimes approaches? 


nearer to the eaſt. 


Secondly, between the degrees of 2 and 10 cf 4 
ſouth latitude, between Java, Sumatra, and the! 4 
iſle of St. Laurence, in the months of May, June, 4e. 


Ju, Auguſt, September, and Odober, the mu T. 
eaſt! 
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| eaſt wind blows. But from November in the other 

* 6 months, the north-weſt wind reigns. 

* Thirdly, between the African coaſts of 4jana, 
Arabia, and Malabar ; alſo in the bay of Bengal, 
over all this part of the Indian ocean as far as the 
equator, an impetuous ſouth-weſt wind blows 

from April to October, which is accompanied by 

black rainy clouds and ſtorms. From October 
and the other months till April a north-eaſt wind 
reigns, milder than the former and with a clear 
ſky. Each of theſe winds, the ſouth-weſt and 
north- eaſt, is milder in the bay of Bengal than 
* the Indian ſea. 
* Fourthly, between the coaſts of Zanguebar and 
| the iſland of St. Laurence there is a ſouth-eaſt 
wind from October to May; and the whole 6 
months from May a weſt wind blows. As ſoon 
a it is gone beyond the iſland of St. Laurence 
into the open ſea towards the equator, it is 
changed into a ſouth-weſt wind, but little differ- 
ing from a fouth-wind. 
? Laſtly, between the coaſts of China, Malacca, 
'F Sumatra, Borneo, and the Philippine iſlands, from 
| Aoril to October, a ſouth-weſt wind blows, but 
| | Aittle declining from the ſouth. From October to 
| rila north-eaſt wind blows, little differing from 
 DÞorth. Nay, it inclines to a north and north- 
| Felt between the iſlands of Java, Timor, New 
* Tolland, and New Guinea, As inſtead of a ſouth- 
peſt the ſouth-eaſt blows here, which as it were 
py the bending ſituation of Timor, Java, Suma- 
fra, and Malacca, is determined to a ſouth-weſt, 
As often as theſe monſoons are inverted, they 
tand ſtill in ſome places, as if the air was at a 
joſs which way to turn. But in other places the 
Finds ceaſe with great fury, and are immediately 
| Thanged into their oppoſites, 


& 1362, 


318 


The ELEMENTS / 


$. 1362. The general wind of the Indian ocean 
is the ſame as we have explained in $. 1350. But 
Philoſophers have not yet been able to aſſign the 
cauſe of the other monſoons, ſo as to remove all 
_ about them. The monſcons ſeem to de- 
pend on ſeveral cauſes. On the mountains and their 
exhalations, which they expire at ſtated times, 
and which urge the air forwards in certain directi- 
ons. Alfo on the melted ſnow, and the concourſe 
of many other circumſtances hitherto unknown, 
Therefore theſe enquiries muſt be left to wiſer 
poſterity, The Eteſiæ, or the anniverſary winds 
of ſome other countries, ſeem yet not to be well 
underſtood *, nor can they be demonſtrated, un- 
leſs we were actually to view the ſituation of the 
countries, to obſerve the poſition of the rivers, 
mountains, ſeas, woods, and the courſe of the 
melted ſnows. For it is on theſe cauſes they 
chiefly depend. . 

$. 1363. In other countries of the earth the 
free winds blow, or ſuch as obſerve neither time, 
or period, or point, or force, but are directed 
every way. Their cauſe is the ſame which can 
move a part of the atmoſphere from one place to 
another. Their determination depends on the 
ſituation of mountains, woods, and other emi 
nences, which direct the air driving againſt them 
into certain courſes. Therefore the winds will be 
ſingular and peculiar to their own regions, nor cal 


they be known or explained, unleſs the country Þþ 


with all things adjacent to it be firſt well know! 


and deſcribed. The obſervations made in Sitzer. 
land by Garcinus, thoſe at Norimberg by Doppel 
majerus, and our own in Holland inform us, that 


« Yaren. Geograph. S. 6. C. 21, Memoir. de Languedoc. 
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different winds blow in theſe places at the ſame 
time, unleſs when a ſtorm rages of a long conti- 
| nuance. 
$ 1364. The ſoil of the ſeven United Provinces is 
very flat and even, without any mountains, un- 
leſs at the diſtance of two miles from recht there 
is the mountain Amersfort, which is but ſmall, 
and of no conſiderable height. Yet there are a | 
found ſeveral in that part of Guelderland call- 41 
ed Velaw. Obſervations made at Utrecht for 1 
ſeveral years, as alſo in other parts of Holland, 
have informed us, that the number of certain 
winds for the ſpace of a year is in a manner deter- 
* minable. By adding many years together I have 
found a medium, from which the number of 
winds may be known, that will not be far from 
the truth. According to this at Utrecht the 
north wind blows 42 days, the north-weſt 33 
days, the weſt wind 77, the ſouth-weſt 58, the 
| ſouth 33, the ſouth-eaſt 26, the eaſt 53, the 
* north-eaſt 43. Are not the weſt winds and ſouth- 
weſt thus frequent, becauſe the German ſea lies to 
the weſt in reſpect of our country, and thus the 
air incumbent on this fea, being colder, will 4 
be urged towards the warmer and rarer, that is \ 
over our ſoil? Or is it a part of the general 21 
north-eaſt wind, reflected from the ſhores of | 
North America, and by an oppoſite direction blow- 4 
ing up the Britiſb channel, and over the ſouthern (1, 
part of England? Perhaps each cauſe has it's 11 
ſhare in it. | 41 
F. 1365. But why are there very few ſouth-eaſt 4 
> winds with us? Is it not becauſe our ſoil is more | 
u moiſt than that of Germany, which lies in this 
quarter, and therefore is very cold, and is much 
c leſs heated than that of Germany? Therefore our air 
> incumbent on the ſoil is alſo leſs heated, and * 
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fes leſs than the air, which incumbs on the more 


ſoutherly and drier country. Therefore ſouth- 


eaſt winds and ſouth winds are raiſed but ſeldom, 
and north winds often, which are brought from 
cold to hotter countries, | 
$. 1366. But why do eaſt winds blow ſo fre. 
uently with us? Theſe are always cold, even 
8 they blow in the middle of ſummer, and 
in winter time they freeze water into ice; for it 
ſeldom freezes but when an eaſterly wind 


blows. Becauſe the air of our flat ſoil is hotter 


than that which incumbs over the mountainous 
parts of Germany, lying in an eaſtern quarter in 


reſpect of us; a denſer and colder air will be 


drove very frequently to our region, and will there 
raiſe an eaſterly wind. Or will it be rather a pan 
of the general wind? Why alſo are the north- 
weſt winds ſo rare with us, which are ſo perni- 
cious to our dikes? Is is not becauſe they are in. 
tercepted by the mountainous country of St 
land? Whence the winds that blow to us arc 
chiefly north-eaſt, which falling upon the mour- 
tains of Scotland are reflected to us. There is an 


old tradition, that that wind will continue with 


us for the ſpace of 14 days, which blows at the 
time of the vernal equinox, chiefly if it is a 


north-weſt or a north-eaſt wind. But accurate 


obſervations made by me at Utrecht have taught 
me this is only a fiction. 
$. 1367. The cauſes of free or vague winds 


are either in the bowels of the earth, or in it's 
ſuperficies, or in the atmoſphere, or above it. 
Many obſervations evince, that the earth itſclf 


emits a great quantity of air, and breathes it out 


of it's inward parts. Pliny * teſtifies this of Sens Þ 


* Hiſt. Nat. I. 2. c. 45. 


22 yg » me 
N 


* 


NATURAL PHILOSOPHY. 


in Dalmatia, and of a rock in the Province of Cyrene. 
And Gilbert aſſerts the ſame thing of ſome caverns 
in the county of Denbigh in Wales, out of which 
there are ſuch violent eruptions of wind, that if 
a cloth is oppoſed to them it will be blown back 
with great force. Scheuchzer * has deſcribed ſe- 
veral Æolian caves, that expire wind out of the 
inner receſſes of the earth. Connor tells the ſame 
thing of that of the Cumæan ſybil in the kingdom 
of Naples. As alſo of the caverns at Bayæ, of 
ſome mines in Germany, and of the ſalt- works at 
Cracow. It is ſo likewiſe near Terni ©, and in 
Veſuvius *, and in Catalonia. Alſo others ac- 
quaint us, that winds aſcend out of the bottom 
of the ſea, break through the water, and burſt 
out into furious whirlpools. As Gaſſendus * of 
the lake Legni, Hearnius of the Weter in Sweden *, 


| alſo of the Chineſe ocean“. 


$. 1368. The cauſes of the winds that iſſue 
out of Zoltan caverns may be many. For a ca- 


vern may be conſidered as a large veſſel with a 


capacious belly, but a narrow neck. Let it 
be full of cold denſe winter air. Therefore 
as ſoon as the atmoſphere above the earth is 
lighter, immediately the air, now leſs preſſed 
than before, will burſt out of the belly of the 
veſſel, being driven through the neck by it's own 
elaſticity, and will imitate a wind blowing up- 
wards. Or let water drop like a rivulet through 


* Stoicheiograph. Helvet. p. 122. 

> Diflert. Med. Phyſ. p. 33. a. 3. 
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the chinks of the earth into a hollow cavern, 
The water will carry much air with it, by which 
it can raiſe a ſtrong wind, that is not to be imi- 
tated by a large pair of bellows; as formerly was 
tried by Hero. This afterwards will burſt out at 
the mouth of the cavern. In caves if water falls up- 
on earths impregnated with ſulphur, iron, or the 
pyrites, preſently a heat will be produced, and 
the water changed into a very elaſtick vapour, 
expelling the air with violence out of the cave, 


and then itſelf will gain a paſſage by theſe vents, 


to our habitations. As water heated in the 
eolipile burſts out at a ſmall hole in the form of 
wind; fo ſubterraneous fire, whatever produces 
it, will perform the ſame thing. If ſeveral o. 
lian caves communicate with one another, and 
every one is provided with it's own vent-holes, 
it cannot be otherwiſe but that one ſhall receive 
wind from the upper atmoſphere, which it will 
ſend through the whole cave to the oppoſite open 
vent, or this other vent will perform the ſame 
thing. The cauſes of winds burſting out through 
the waters are earthquakes raiſed under the wa- 
ters, which proceed from efferveſcences and in- 
flammations, by which much elaſtick fluid is ge- 
nerated, and is driven upwards with great vio- 
lence. When this breaks forth out of the ſur— 


face of the water, it expands itſelf with much! 


vehemence. 

§. 1369. All things which can move the air 
are to be referred to the cauſes of ſuch winds, as 
are upon the ſuperficies of the earth. Such are 
the waves of the ſea, rivers ; whence upon the 
banks and ſhores are always winds ſtirring. Alſo 
exhalations and vapours aſcending out of the 
earth, a fire raiſed, the melting of ſnow and ice 
by the fun, and innumerable other things. 


$1370. 
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$. 1370. Many winds are raifed by cauſes that 
inhere in the atmoſphere itſelf, which may act 
in various manners. The principal cauſe conſiſts 
in the efferveſcency of various exhalations meeting 
one another, or in the mixture of exhalations 
with vapours, and the efferveſcency that thence 
ariſes. But no ſooner do two exhalations excite 
an efferveſcency with each other, but they will 
be dilated, expanded, and require more room, 
and ſo will beget an elaſtick fluid, driving the 
air with a greater or leſs celerity, according to the 
different force of the efferveſcence, and the action 


of the generated elaſtick fluid. Hence always 


winds ariſe when it thunders and lightens. Be- 


cauſe a various quantity of exhalations, now more, 


now leſs, is mingled together, and after one 


mixture is made, ſome time intervenes before 
another is made; there ariſes at firſt a ſtronger, 


and then a milder gale ; and the force being again 


| Interrupted, after reſt it will ſoon be more 1mpe- 
| tuous. This is obſerved of every free wind, 
which never continues for two minutes at the 
fame ſtay, but exerts different ſtrength, And this 
the rather obtains, the ſtronger it is. If the ex- 
| halations are but few, ſo as not to make the air 
thick and dark, the winds are generally the 


milder. But if they are plentiful enough to form 


> themſelves into thick clouds, they will generate 
more impetuous winds. Therefore more winds 


are obſerved in cloudy weather than in fair and 
> ſerene, There are clouds that raiſe an efferveſ- 


* 
; 
: 


cency with every thing that is moiſt. Theſe 


produce winds in whatever places they paſs over. 
They are often obſerved in ſummer, though the 
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rects it's Vourſe thither, where it has a freer 


paſſage, and where there is moſt room and a wide 


area. Black clouds are often the cauſe of the 


hurricanes, which are ſometimes obſerved to rage 
violently in the Ethiopict ſea, and in the extreme 


promontory of Africa, as Guinea, Lowango, and 


Guardaſu *, 
$. 1371. Very often here and in the foregoing 
we have made mention of the efferveſcence, which 


happens in the air. Now leſt any one ſhoult 


doubt of the truth of it, he may make a few ex 
periments to be convinced, that we have aſſumed 
nothing but what really obtains in nature. Let 
him ſet before him an open phial, in which there 
is ſpirit of fal ammoniac ; ſomething will fly 
away, which may rather be perceived by the ſmell 
than by the ſight. It will be the ſame if ſpirit 
of nitre be examined in the ſame manner. But 
it we ſet the two phials near one another, 
the two exhalations meeting in the air vil 
now excite a conſpicuous efferveſcence, and 
raiſe a cloud. The excellent Dr. Hales * tells us, 


that he poured ſpirit of nitre to vitriolick mineF 
ral, whence an efferveſcence aroſe ; which being 
appealed, and the air being now tranſparent, neu 
air was admitted; preſently the efferveſcence ws 


renewed, and the air became turbid and ruddy. 
And this experiment might have been repeated 


ſeveral times with the ſame ſucceſs. The fame] 


thing may be obſerved in a phial, in which is tht 


filings of iron and ſpirit of nitre: or in a receiver Þ 
in which aqua fortis ſtayed behind, after it haf 


been poured to pyrites. 


$. 1372. The cauſes above the atmoſphere tha 
excite wind, are the ſun and moon, which attratÞ 


* Varen. Geograph. S. 6. C. 21. F. 10. 
> Append. ad Haemaſtat. Exp. z. 
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ing by their gravity, communicate a perpetual 


| motion to the air, ſuch as they do to the ocean, 
and thereby raiſe the tides, Yet in the atmo- 


ſphere, becauſe of the rarity of the air, the tides 


will be but ſmall. Beſides by it's heat the ſun 


rarifies the air, and. ſo much the more vehemently 


as it acts upon it with more rays, and thoſe per- 


pendicular. Therefore becauſe of clouds that here 


and there intercept the rays of the ſun, the air of 
the ſame region will not be equally heated or ra- 
| rified. This will neceſſarily produce winds, ſince 


che law of the equilibrium of liquors requires, that 


there ſhould be an equal action upon fluids, that 


they may continue at reſt, Therefore the air 
that is moſt rarified by the ſun, will be urged 
towards the air that in the day-time was under 
the clouds. And on the contrary, the air that 
by night was below the clouds, will betake itſelf 
to other air, condenſed by the cold that applied 
itſelf to it. 

$. 1373. A ſoft gale ſeldom travels far. But 
a ſtrong wind of a good continuance has been ob- 
ſerved to pals over a long tract of the heavens, 
over England, all Germany, Switzerland, and per- 
haps the countries beyond : As 1t appears from 
comparing the obſervations of Scheuchzer and 
Derham *. But the wind that was violent in one 


country grew much milder in others, 


$. 1374. The velocity of free winds is very 
different. Some move with ſuch rapidity as to 
throw down trees and woods, and by Mr. Mariet's 


_ obſervation paſs over 32 Paris feet in a ſecond of 


time. But it is collected from Mr. Derhain's more 


accurate obſervations *, that the moſt impetuous 


winds move with ſo great rapidity, as to deſcribe 


» Philoſ. Tranſ. N. 321, 
d Philoſ. Trani. N. 313. 
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66 Engliſh feet in a ſecond, and 45 Engliſh mile: 
in an hour. Theſe winds indeed are raging, 
and ruſh with ſuch force, as to break a pillar 
of ſtone 12 feet high, 5 broad, and two feet 


thick, and to demoliſh whole woods *. Ther: 


are other winds ſo ſlow, as not to keep pace with 


a horſeman, Others are moderately ſwift, as to 


complete only 10 Engliſb miles in an hour's time. 


There are many more things that might be ſaid 
about winds. How the knowledge of them may 
be attained, the great Verulam has taught us in his 
Hiſtory of winds, and has given us a moſt per- 
ſpicuous and inſtructive example; than which in 
natural philoſophy there is hardly any thing more 
complete. 

$. 1375. The uſe of the winds is great. Firſt, 
that the air in which we live, and which 1s defiled 
by our exhalations, may be removed and bruſhed 
away, that other more pure may ſucceed in it 
place, fitter for the purpoſes of life, and that the 
whole by continual motion may be rendered more 
beneficial. For if the air ſtagnates, eſpecially in 
ſummer, it becomes corrupted, and contagious 
diſeaſes and peſtilences prevail every where ; as 


many phyſicians, after Hrppocrates *, have inform- Þ 


ed us. 

Secondly, the winds temper and refreſh the 
air, after it has been parched by the heat of the 
fun ; ſo that thoſe countries, which would other- 
wiſe be uninhabitable, now become fit for habi- 


tation. Thus in the Eaſt and Weſt-Indies, the 


ſea-breezes blow in the day- time, and in the even- 
ing the land-breezes refreſh and cool the air, land, 
and water. In our own countries in the ſummer, 
many labourers and huſbandmen would periſh, if 


* Philoſ. Tranſ. N. 114. 
> Lib. 3. Epidemic. 
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NATURAL PHILOSOPHY. 


F they were not refreſhed by the wind. When this 


lies till, the heat is ſometimes fatal. Therefore 
the wind preſerves us from the ſeverity of the 
hotteſt time of the year. 

Thirdly, the winds transfer heat and cold from 
one region into another, Hence with us the 
ſouth wind brings heat, the north wind blows cold. 

Fourthly, the winds that are dry make all moiſt 


things dry, by which means we mortals are much 


benefited on many occaſions. The winds that 


are moiſt, gently moiſten all dry things, by pene- 
trating into the pores of bodies; nor are theſe 
without their uſe. 

Pifthly, the clouds formed of the vapours of 


the ocean are carried by the winds to all regions, 
that they may ſupply the earth with ſhowers, by 


which all plants grow, live, and are nouriſhed. 


Alſo the winds hinder the falling of too great 


quantity of rain. For ſometime they bring clouds, 


and ſometime carry them away, ſo that rain ma 


be diſtributed all over the face of the earth. In 


ke manner they carry the exhalations, breathed 

put by the earth, to other diſtant regions, by 
which the impurities of the air are diſcharged. 
And ſuch things as may contribute to a more 


plentiful vegetation, are not confined to one 
place, but become common to all. 


2 Sixthly, God has given us winds, that we may 


know things that are at a diſtance from us. For 


man would be an ignorant animal, and without 
much experience, if he were to be circumſcribed. 
by the limits of his native ſoil. Therefore God 


gave us winds, that by the navigation of ſhips 


ve might be ſupplied with all the conveniences 
of life, and that we might enjoy many tranſma- 


fine things we ſhould ſtand in need of. That 


* Derham Theolog. Phy. I. 1. c. 2. 1 
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all mankind might have the benefit of ſuch thing 
as are produced in diſtant regions, that there 
might be intercourſe among remote nations, and 
that thus the power, wiſſom, and munificence 
of our liberal Creator might be more generally 
known and acknowledged. 

Scventhly, the winds move the waters of the 
ocean, of ponds, lakes, and ditches, that they 
may not ſtagnate, and ſo corrupt and ſtink. 

Eiahchly, by the help of the wind many ma. 
chines are moved, and mills work ; by which the 
labour of men is ſpared, to their great eaſe and 
comfort. But who can enumerate all ? Jt were 
ea, theils things to be more prolix ; but thc 
nature ot this compendium does not permit it. 
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